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SECTION I
INTRODUCTION

A.  OBJECTIVES

The objectives of this research effort were (1) to develop docunentation
that may be used for Air Force certification of the presently developed
hypargolic propellant vapor control foams for use as fire suppressants, and
(2) to identify the chemicals released into the environment when foams are used
to control hydrazine fires, or when foam-covered hydrazine is later disposed of
by burning.

Appendices A through H contain additional data and information.

B.  BACKGROUND

Large quantities of hypergolics, specifically hyirazine and nitrogen
tetroxide (N,0,), are stored and used as rocket propellants in space and
defense prograns, such as the Space Shuttle and the Titan. Accidental spills
of sizable quantities of these hazardous materials can occur duaring transport
on the nation's highways, as well as during propellant handiing operations at
the storage and use facilities. Vapors in parts per million (ppm) (see Table |
for conversion factors) concentrations constitute significant risks t hunan
health (see Appendix A, Safety Data Sheets). Hyirazine fuels are also
considered as suspect hungn carcinogens by the American Conference of jovern-
mental Industrial Hygienists (ACGIH). Spills involving these substances pose
the immediate threat of hunan exposure from propellant vapor and liguid, and

-

the less imnediate, but equally significant, threat of secondary contaninatin
of water supplies and sewers from the escaping liquid propellant or fron Con-
taninated water used in spill rasponse. An Air Force study to develop a foam
systan that could effectively reduce the volatilization of hydrazines and N0
spills has been completed recently (Reference 1). Foams with additives were

developed and tested with positive results for hypergolic vapor suppression

even under adverse weather and stream flowing conditions. Field demonstrations




TAGCE 1,

CONVERSION FACTORS FOR U.S. CUSTOMARY

TO METRIC (SI) UNITS OF MZASUREMENT.

To convert from To Multiply by
British thermal
uriit/second (Btu/s) watt (W) 1.054 350 x E +03
degree Fahrenheit (°F) degree Celsius (°C) t°C= (t°c~ 32)/1.8
foot (ft) meter (m) 3.048 000 x £ -01
ft2 m? 9.290 304 x E -02
ft3/min Titer/min {L/min) 2.831 684 x E +01 g
fté/min/fte L/min/m? 3.047 999 x £ +02
gal/min L/min 3.785 412 x £ 00 i
gal/min/ft? L/min/m? 4.074 584 x £ +01 |
inch (in.) m 2.540 000 x £ -02 !
miles/hour (mph) km/h 1.509 344 x £ 00 |
parts/million {ppm) iy | 1.000 000 x £ 00 i
pound (1b) kg 4.535 924 x £ -0l
1b/1n.4 atmospheres (atm) 4.725 000 x £ -04
yard {yd) m 9.144 000 x £ -01 l

included scenarios of a propellant spill contained in a simulated diked
enclosure, a running spill on a concrete surface, and a spill occurring inside
a missile silo. The flame-extinguishing capabilities of both low- and high-
cxpansion foams were demonstrated for propellant fuel fires. A major concern
during u hydrazine spill is the gpontaneous ignition of the fuel. An effective
fire suppressant fs needed for emergency response. Therefore, this program of
fire suppression testing of hypergolic vapor control foams was conducted to
provide the Air Force with valid and certified fire suppression agents for
hypergolic propellants. Hydrazines are hygroscopic, water-soluble propellants
which would be expected to remain toxic for a long time, be absorbed by the
ground, and require environmentally acceptable processing. Four hydrazines
{anhydrous, monomethy), unsymmetrica) dimethyl, and Aerozine 50) and possibly
N,O, fall in this category. If water is used to control the vapors or to

control a fire, the volume of the resulting aqueous solution could be




substantial., If contained as a pool, the solution would contaminate a greater
quantity of soil than the hazardous materiais themselves. When faced with a
vast gquantity of aqueous solution or contaninated ground which nust be treated
or disposed of, the effort to develop a foam was undertaken to reduce the
quantity of water used and to reduce the containment volume. The spent foam
and waste hydrazine must be disposed of once the spill has been controlled and
contained. Rather than collect the material and bury it in a hazardous waste
landfill, a controlled burning or incineration is proposed. Depending upon
circumstances, it may be environmentally most practical to effect a controlled
burn in place. The bulk of previous research has been directed toward the
development of the foans as solutions to controlling the spill hazards. Very
little research has been done to assess the reaction products formed when
controlling a hydrazine fuel fire or when incineration of the used foam is a
means for its disposal.

SCOPE

The scope of this effort encompassed a complete series of 38 fire tests
conducted at tihc Nevada Test Site in November 1985 and April 1986. The tasts
were fully documented and the conditions and results complotely described. The
performance of the various foans and types of fires were recorded and
conclusions were drawn from the variety of fire and foam interactions.
Recommendat ions regarding types of foans and application rates for various
propaliants and spill conditions were drawn. Several of the fire tests were
environnentally sanpled through innovative and unique sampling technijques.
Sanples were analyzed for propellant and foan combustion products and a

complete anglytical compilation was derived.




SECTION 11
HISTORY/PREVIOUS TESTS

Historically, propellant spills have been diluted with water for vapor
suppression. This procedure creates an increased volume of material which
must ultimately be disposed of, together with the attendant increases in cost
and schedule, In the case of N,9,, the addition of water will cause a dramatic
increase in the vapor evolution rate before reaching a more nonvolatile,
diluted state. To perform more optimal vapor suppression, water-based foam
formuiations were developed through the efforts of the Chemical Systems 8ranch
of the Plans and Project Directorate of Air Force Space Division (HQ-SD/CFPE)
located at 'os Angeles Air Force Station, California, and the Engineering/
Reliability Branch of the Material Management Directorate of Ogden Air
Logistics Center {00-ALC/MMGRI) located at Hill Air Force Base, Utah. These
efforts investigated the possibilities of vapor suppression and fire extin-
guishment while minimizing the volume of material which must be added to a
propellant spill for hazard mitigation (Reference 2).

The results of this initial work indicated that aqueous foan systems
could provide effective mitigation of the vapor hazard from spills of
hypergolic propellants (Reference 3;. The progran was continued {(Reference 1)
with the subsequent development of acrylic-modified surfactant foam systems.
Tests showed that these foams could significantly reduce vapor concentrations
from hydrazine and N,J0, spills for extended time periods. This technology ied
tu the development of a trailer-mounted foam response unit, a Portable Foan
Vapor Suppression System (PFVS3) (Reference 4). Four of these units are
actively deployed with the Titan Missile Wings of the Strategic Air Command
while a fifth unit is ia service at Vandenberg AFB.

Unaer a supplemental Air Force contract (Reference 5), field tests of
the PrVSS were conducted to ascertair its capability in controlling large
propellant spills. Tne technology was also used to design and install a demon-
stration fixed-foam system at the oxidizer storage area at the Vandenbery Air
force Base Titan Propeilanrt Tank Farm, A foan system is also included in the
new fuel storage facility at the Cape Canaveral Air Force Station.




The results of the investigations conducted in ihe Aie Force-funded pro-
grams indicated conclusively that foam ran be usad to contrc: the vapor hazard
from spills of the hypergolic propellants, i.e., hydrazines and nitrogen
tetroxide. The acrylic-modified foams tested were able to restrict hydrazine
vapor levels to less than 1 ppm and N,0, vapor levels to less than 100 ppn. In
all cases, it was found that the foam blankets could be continuousiy or inter-
mittently replenished to allow long-term spill control if necessary.

Best results were obtained with contained spills., A significant degree
of control can be exercisec in running spills if the foam can be applied to
cover and follow the snili. Continuous liquid discharges were difficult but
could be controlled if the discharge could be submerged in foam. Some limited
tests were conducted which tentatively indicated that the acrylic-modified
foams are effective in controliing and extirguishing hydrazine fires and
nitrogen tetroxide supported fires involving nonpropellant flammable materials.
Resulting foam technology has been successfully employed in both portable and
fixed installations

The initial program to define vapor control procedures for spilled hyper-
golic propellants assessed the ability of the two techniques to mitigate the
vapor hazard of hydrazine and N,0,. Each technique was pursued independently
for both of the propellant materials. The progran used a series of laboaratory
tests to evaluate the various methods and materials for vapor suppression.
Vapor concentrations above the two propellant materials were .easured using
detector tubes. Tests in which the concentrations exceeded the maxinmun 1imit
of detector tubes (about 35 ppm) were considered failures,

The evaluation of foan systens initially considered the commercially
available foan agents as used by the fire services. When these did not prove
effective, an experimental type of foan was also considered. This was an
acrylic-modified agent.

Five basic foan agent tynes are currently in use for fire control. These
are proteinaceous materials derived from natural protein, Aquecus Film-Fzrming
Foams (G4FFF) which employ a fluorocarbon surfactant, fluorcproteins which are
combinations of AFFF and protein, synthetic materials which are hydrocarbon-~
surfactant base, and “"alcohol" or “polar solvent" agents which are generally
proprietary materials.

N




Twe expansion ranges are used in foam technology. Expansion is the ratio
of air to water in the foam mass. There are theoretical design Timits, but in
practice the limits are 5 to 20:1 for low-expansion and 250 to 750:1 for high-
expansion foams. For fire control, the synthetic foaming materials are
effective in both expansion ranges. The other foams are generally restricted

to the Tow range, even though high-expansion foam can be generated with some of
than,

AFFF materials perform quite poorly with water-reactive materials but were
included because they are widely used by the Air Force. Each of the selected

comnercial agents was carried through screening tests to assess compatibility
with both hydrazin2 and N0, -

The tests with N,0, were easy to evaluate; all foams collapsed rapidly
with oniy minimal control of the vaporization rate. Of the five agents tested,
the best resuits were obtained using MSA Type V, AFFF, and 3M ACT polar solvent
agents (see Appendix H for definiticns), but all contrcl times were less than 5
minutes.

The tests conducted with hydrazine had more encouraging results, Except
ror AFFF and ore alcohol foam type, the other foans survived between 30 and 60
minutes when generated at low-expansion. Vapor concentrations were reduced to
5 ppn or iess.

Tests run with foans generated at high-expansion ratios were poor in all
cases. The small laboratory tests provide data which are significantly better

than those derived from the large-scale field tests conducted later in the
progran,

Prior work had indicated that polymer-modified foan agents might be effec-
tive against the propellant materials. Two acrylic polymer-modified foan
agents were evaiuated against hydrazine in the sane fashion as the commnercial
agents. Both materials were compatible with hydrazine, The gelation provided
a stanle foam mass with little collapse. Each gel eventually broke down but
the effective life of a -inch layer approach 4 hours. The carboxyvinyl
polymer gave very viscous solutions. Although it could be handled in the
dilute state, it did not appear to be practical in a concentrate form.




Both acrylic-gelling foams were tested with N,0, for compatibility.
Neither material could survive against the N,0, for more than 15 minutes, but
they were superior to all other agents tested. One of the acrylic polymers
furmed an intermediate skin between the foam and the N,0,, whereas the other
fowns reacted slowly with N,0,. In general, the latter behaved similarly but
did not provide the same degree of control as evidenced by the formation of a
discontinuous film.

fhe conclusion reached was that the acrylic polymer-modified foam systems
ponssessed the best potential for evolving a successful vapor control system for
the hypergolic propellants.

At the end of the initial laboratory studies of these foams, a short
series of tests of a scaled-up size were run in a remote area of the Nevada
Test Site (NTS) of the Deparument of Energy (DOE) in Mercury, Nevada. Thase
tasts were conduc.ed to evaluate and verify laboratory results. The derived
lata provided the basis to decide on the continuation of the foam development
progran. It was rot the principe’ purpuse to develop absolute data but to
evaluate tne viability of the acrylic-mocified foam approach for the conirol of
hypergolic propelleny spill vapor hazards, Tests were conducted with both
hydrazine and N.0,. All tests us-d @ 25 ft2 pan, 12 inches deep, and a foan
expansion of 20:1 generated with a foan ouap. The acrylic modifier to the foan
was Rohm & Haas AC33 in all tests. This acrylic was chosen because it had
exhibited benefits in contact with both fu 1 and uxidizer., The foan composi-
tion wes 10 percent surfactant, 10 percent acrylic, and 80 percent water.
Variations were made in depth ~f tne spiltled vropellant, between 1/4 inch and

6 inches. Foan depths were essenivially constant for each propeilant, 3 inches
for hydrazine and 6 inches for N,0,.

Further extansive laboratury and fieid *esting revealed that a volumetri.
foan formulation consisting of approximately 10 percent Robn and Haas poly-
acrylic ASE-95 (fuel foam), 10 perrent Mine Safety Appliance Research
Corporation (MSAR) surfactant, and the remaining CJ percent water was mast
effective on hypergolic fuel spills. Best results on N0, oxidi.er spills were
obtained with a volumetric foan formulation consisting of approximately 10 per-
cent Rohm & Haas polyacrylic ASE-60 (oxidizer foam), 10 percent MSAR surfactant
containing a small amount of pectin, and 3uU percent water. Best results for




the fuel formulation were obtained when the foam was applied in a low-expansion
ratio mode of 5 to 10:1. Oxidizer foam produced the best results when applied
in a high-expansion mode of 150 to 300:1.

Under normal application conditions of 1ight winds and no precipitation,
reapplication is required approximately every 20 minutes for oxidizer spills
and every hour for fuel spills. In higher wind conditions the foam collapses
at a higher rate due to the increased amount of water draining through it,
therefore requiring more frequent applications.

As the oxidizer high-expansion foam collapses, there is a tendency for
gel-layer islands to form on the oxidizer surface. As successive applications
of foam are made, the gel-Tlayer tends to become continuous. At that point, if
foam supplies are limited, it may be practical to allow the foam to collapse
completely before the next layer is applied. Otherwise, with adequate foam
supplies available, it is advisable from the hazard mitigation and safety
points of view to apply foan in whatever manner will minimize vapor release,
including spot patching when vapor breakthrough has taken place.

Low-expansion fuel foam exhibits a persistence time of from 1 to 2 hours
as opposed to about 20 minutes for high-expansion foam. The low-expansion foamn
is the obvious choice for longevity of foan cover. Since the high-expansion
foan allows a coverage rate about seven times faster than low-expansion foam
using the same rate of commodity application, it may he desirable in circum-
stances requiring immediate vapor suppression to make an initial application of
high-expansion foan followed by subsequent applications of low-expansion foam.
It may also be desirable to apply high-expansion foam at transport spills where
the ability to replenish the foan commodities may be limited. Although high-
expansion foam must be replenished about three times more often, it consumes
only about 60 percent of the foan commodities in the same length of time due to
the much greater volume of foam generted per unit of foam concentrate and water
used.

This testing progran defined foam systems effective in controlling the
vapor hazard of spilled hypergolic propellants. The technology has been trans-
lated from the laboratory to large-sized pertable units and fixed-foam instal-
lations, with both types now in Air Force service.




The fire control testing also had positive results, but the data were not
sufficient to fully define fire suppression capabilities or detailed applica-
tion requirements. The use of the foans in either fire or spill control will
leave an acrylic-resin residue. The handling and disposal of this material was
not a part of this test series; however, it was this test series which dranat-
ically illustrated the potential of the acrylic-modified foams and which led to
the further work described in this report. Appendix C contains minutes of the
more significant meetings leading to the development of this testing program,
and Table 2 is the test matrix derived from those meetings.




<mqomuu:x:—<'-)x.qzzlo
291 1 ‘uww/ieb ¢ ‘weoy uoisuedxa ybly T2
291 7N ‘utw/(eb ¢ ‘weoy uoisuedxd Mo T X! o
T T
7 T [ A
diap Ypén--awrl aouabaawans ‘weoy uotsuedxa ybiy x| !l Ex N
swty 2ouabasugns ‘weoy uoisuedxa UBLH [ T e
! q 3 uol UbtH 1 XX | i XIE
IR
T . 4
weoy JudAL0S 42|04 [} ' AL
b 4+ — — + 4 +—+ :
weos-243y (¥ 1 | ! D

1 _+_ } %
[ T [N N
. i R H o~
¥, ¢ Foasikdih e | -
diap QN ‘weoj uoLsuedxd MOY t|0od autzedphh [\ : | ' =
q TN L 1

i . i o
' H o
»——?———.— + i + >
. Lo i Nl
Aeads auLzeapAy ‘weoy uolsuedxa ybry *yood VOZN X | T =
b - 4 ———— «» % _F
) [ =
U Wl
uAngaad @jnura-] *ajey ubisag ‘wreoy uoisuedxd UBLH XX X'XX X X’X P TS
q . NN L e Nad
Uanaaad a3nutu-1 *ajey ubisag ‘weoy uo1suRdxd MO W X X XIX [ 0
€ LA SR e 4y -L——r——+v—4 ond
Lo Py SJ
Wafgadd 93NULL-0] ) 218y ‘uroy uoisuedxd ybin SR B S TopreTh e g
. P v s *"_T'—L”* R s s
uangaad 21NuLE-01 *G 910y ‘weoy uolsuedxd ybiy ! ™~

- A
. C— ——p - - e e - =]

uangoud a3nULU-C] 'y 23Ry ‘weoy uoysuvdyd ybip f”? - X Ll 1 -
T I o e aohe seh CEEL S T S e

uanQaad 1NULW-[ 9 3Ry w0y uoLsuedxd ybiy % R . <
X A L o i e e e s

aangoad 93MuLw~1 Yy #3ey tueoy uotsuedxa ybLy e ! R ; -
AN -T-—f---r N e b et e e

Jundaad MU=ty 9ivy ‘weoy uotsuedxa ybin I%- X . 0

1 * I

) i ,
e fA—L—q- R S ui e A S R e

ORIGIMAL TEST SCHEDULE MATRIX.

T & ; oy -yt b—y
wangadd dynuia-gp ) VIR LR} UOLSURTND M0T t + ! T T T o
X SRR 4 b bbb 0
wAnQadd 3nulL- ] i vgey CuRy udLsuedye wo P [ A
a 1 celt ) [N ot p— ! .;.._‘?.-,!”1 - .
WanGedd 30U Ty e taRdy UOLSURdX3 M0 .
N ST AR Ao e o ol sul s e v
. 44AQAAT AYfatu=] t) 91Pa tuRsy WOLSURING M) et oo ‘ T T
od I S o S 1 o~y 4 ot
patgoad AInULzT] Y ARy 'UPOy uDLSURTD MeY[N Sl G S B SR =
al \ 4 s oy, ot O ER =k IETTEE S R SN i dil Sl A
MANAAd Q1ML Y G3EN CaP0y USSR MO I o . .
Eé b ' ! ; 1 X'L [N T A O U U N
. << R [N .
' — - K] b
o - - g
P 9]
PN MY .
¥ :u L. 3 > Pt
93 At et - 3 «t LTI Y
C ¥y Y . Pra
! tQ L] noov [
. ) et - & =t
O - ~e + LY RS Y
. ©oeee 5 [
< oW :"- - - . & 3 [
L S I LIS 4 LI [T
R G N ' U] PEIY
LN VIR WY . o L Y
L‘ :; JE . [N
N N
LR & ) V; ‘:\ v + - . [ :"’
oWy . ap At o
DI N N - [ .
ay e PR ;g \‘: ,
v > ) 1) 1 A “
K ] ". : L R :‘ \.
LY & B R -
S U o — e o
N o oA 4w DL Ar
WL R v .ou
R T S
L N R

10

The
-15 and C-16

te.

ign ra

Thus, Tests C

inadequate.
+s annotated A and B.

on A-50 to develop a des

and procedures were not considered adequate.

e for MMH was clearly
ith the second two tes

ts were actually run
t,

gn rat
equipmen

each w

i

sly calculated des
11y three tests,
bExtensive problems in the reaction of Test A-18 led to the decision not to conduct
Facilities,

8 series of three tes

previou
Test A-21.

are actua




SECTION III
TESTING

A.  TEST AUTHORIZATION

Test authorization was requested via the HQ AFESC/RDCF letters and granted
by the Department of Energy/Nevada Operations Office (DOE/N0O) letters con-
tained in Appendix B. Because of the speed with which this program moved, test
authorization requests did not always precede the requested test windows with
sufficient lead time. However, DOE/NOQ officials took excepticnal expediting
actions to permit approvals to be received in time for the testing to take
place on schedule. The major drawback was that the Reynolds Electrical and
Engineering Company (REECo) could not be authorized to perform work until the
DOE/NOO approval was granted., This resulted in problems with the construction
of the pans and excessive cost to set up the foam pen for the wood crib tests.
A few additional comments on the NTS testing costs and conditions are
appropriate here. DOE/NOO personnel typically estimate $15,000 to $20,000 per
week for NTS testing support costs. This is fairly accurate in that NMERI
testing periods spanned 4 1/2 weeks and cost about $72,000. The costs are
applied toward REECo support, fire, security, weather, environmental, and photo
(optional). Every aspect of NTS support was timely and effective. REECO was
particularly supportive but extremely expensive., The estimate of $47,000 was
exceeded by $14,000. The high cost of REECo is mainly due to Mercury support
operations such as food, transportation, and billeting being heavily subsidized
with the cost factored into the hourly rates charged for REECo support work.

From a test scheduling standpoint at NTS, there arc several factors to
consider. Where the need for light winds and stable wind direction is a major
factor, as it was in this test series, testing should be conducted between
April and October, This project's April series of tests had generally favor-
able winds while the tests of November were hampered by marginal winds. The
period of April through October is also the time during which NTS conducts most
of their underground tests. These tests can present major schedule disruptions
because of their priority and the need to clear all of NTS prior to, during,
and after such tests, Tests which are necessarily continuous for longer than a
day and which cannot be segmented would be impacted by the underground testing.
Other weather factors to be considered are the extremes in temperature. The
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nights during November subjected the equipment to freeze damage, while the heat
(even as early as April) was extremely fatiguing and began to heat the fuel and
apparatus to a hazardous level.

B.  TEST SETUP
1. Site Preparation of Initial Test Series

The initial series of testing commenced at NTS on 13 November 1985.
Prior to the initial test on this date, 5 working days were required to prepare
the site. This involved (a) moving fuel, foam, dispensing apparatus and sampl-
ing apparatus to test site; (b) laying out test site; (c) assembling and test-
ing all! apparatus; (d) making contacts with appropriate NTS support officials;
and (e) posting a safety board detailing safety procedures.

a. Movement of Materials

The movement of materials to the test site presented no
probfems, REECo was well-equipped and extremely cooberative in getting the
materials moved in a safe and timely manner to the test site. The foan and
apparatus and the N,0, cylinder were stored near the Cave Spring Test Range and
the hydrazines (21 druns) were stored in Mercury.

b. Test Site Layout

The test site was conveniently located about 15 miles north of
Mercury. The surface at the site was a relatively clean, debris-free weathered
asphalt. Since the prevailing winds were out of the south-southwest upon
arrival, the four pans were set up in a square pattern, 75 feet apart, with the
intention of burning in the sequence of northeast, northwest, southeast,
southwest. This arrangement would permit four tests to be conducted in one
day, with the foan and sampling equipnent requiring only one move. The pan
area was located approximately 200 yards east of the operations trailer.

C. Assembly and Testing of Apparatus

On 8 November, the MSA foam tanks were filled with water,
pressurized and used to check out the 2-, 3-, and 6-gallon-per-minute (gal/min)
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nozzles. All systems ran well, The MSA system employed for all tests in this
series was a field-adapted system consisting of two 70-gallon tanks pressurized
to 110 1b/in.? by a REECo-supplied air compressor. Pressures on the outlet
side of the tanks were regulated to produce 90 1b/in.2 for low-expansion foam
and 35 1b/in.% for high-expansion foan at the nozzle. The acrylate was con-
tained in one tank--mixed 1:4 with water; wnile the surfactant was in the
second tank, also mixed 1:4 with water. The acrylate and surfactant solutions
ran in separate lines of approximately 200 feet of l-inch hose to a union where
they were joined immediately prior to 10 feet of l-inch piping leading to the
nozzle. This system is shown in Figure 1. Between 9 and 11 November. the
Thermal Gas Device (TGD) sampling apparatus (described in detail in Volume I1)
was assembled. Low temperatures, high winds, and snow made the setup lengthy
and difficult. It was decided to orient the TGD on the SE side of the NE pan
and run all tests to be sampled from that pan. The bulk of the TGD, number of
connections, and number of support assemblies made this “permanent" setup
necessary.

d. Contracts

AT1 preliminary support arrangenents were made with Mr. Lon
Kilmer of the DOE Nevada Operation Office (702) 295-0968 in Las Vegas. At
Mercury the primary support contracts were Mr. Wilson, DOE, (702) 295-4001; Mr.
Dennis Finney, REECo, (702) 295-6540; Chief Ray Gudeman, Fire rrotection (702)
295-6404; and Mr. Frank Tyner, PanAm Photo (702) 295-6771.

e. Safety Procedures

A safety board was assembled immediately inside the operation's
trailer with the following information: copies of all pertinent material
safety data sheets with instructions to all personnel to read and sign, emer-
gency phone nunbers, the safety portion of the test plan, and the test organiz-
ational chart (Appendix E).
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Figure 1. MSA-Dispensing Apparatus.
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2. Site Preparation of Second Test Series

The second serijes of tests was begun at NTS on 15 April 1986. Prior
to the initial tests on this date, two working days were required to prepare
the site for testing. This involved (a) laying out test sites, and (b) assem-
bling fuel/oxidizer dispensing apparatus.

a. Test Site Layout

The west side of the test site was selected as the most advanta-
geous location for all tests in this series. This placed the support trailer
250 yards to the east and the fuel storage area 300 yards to the east. In the
fuel storage area were the monomethyihydrazine (MMH), Aerozine 50 A-50), hep-
tane, and diesel fuels. The two cylinders of N,0, were kept immediately adja-
cent to the western edge of the test area. The foam pen for the wood crib
tests was sited at the western edge of the test area.

b. Apparatus Assembly

REECo provided polyvinyl chloride (PVC) pipe and fittings to fit
20- and 10-foot extensions to the N,0, cylinder and diesel drum, A nitrogen
bottle and connections were obtained to further pressurize the N, 0, cylinder
during pouring operations.

C. TEST CONDITIONS, EQUIPMENT, AND PROCEDURES
1.  November 1985 Test Series
a. Weather

Before deciding to proceed with a test series during the month
of November, it was understood that the weather would range between marginal
and unacceptable, and that the test schedule would probably not be completed in
its entirety. This was largely the case; and while the weather was more on the
marginal side, it did not appear prudent to move into the N0, portion of the
test series. Initial setup weather was deceptively good--60 to 70 °f with 6 to
12 mph winds. After 3 days, the temperature dropped, winds picked Jp, and snow
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fell for 3 days. When the precipitation stopped, the low temperatures and high
winds continued for about another week and were followed by a warming trend
with light and variable winds for the remainder of the test period. The high
winds severely affected some tests, particularly on 18 Ncvember when they
gusted to 46 mph and threatened to ignite the desert brush south of the test
area. The high winds also increased the fatigue factor of the personnel
handling the hydrazine and extinguishing apparatus while the extremely cold
nights (15 to 20 °F) fro.e the foan apparatus, occasionally breaking valves and
Fittings. The light and variable winds presented a contrasting problem, the
extent and direction of flow of the hazardous hydrazine vapors could not be
ascertained. Pernaps the mo<t crucial decision of the test series was made at
this onint, and that was to continue the tests with all personnel outside the
operations trailer wearing either a prassure demand self-contained breathing
wpparatus (SC3A) or an industrial gas mask with the appropriate canister., From
this noint, the tests continued with no weather difficulties.

h, Equipnent

In qeneral, the equipnent transported to the sits by New Mexico
Enareoering Researcn [nstitute (NMERD) gand MSA pertormed well.,  Mino» walfunc-
tions ang shortcnaings due to unavaiiability of parts were handlad in tae field
g were more than amply supported by REFCo in a timely manner, Ory ice for
the cryogenic traps (see Appendix Y) was not available on site as anticipatad,
and three trips to Las Vegas were made to procure an adequate anount for the
tests. The diesel generators provided by REECo were marginal at best, Three
generators were required, and a total of six generators were rotated through
the site to provide minimal power. Generators had problems starting, maintain-
ing the load requirements, and operating continuously on required phases and
voltages. While REECo's response to these problems was usually timely, correc-
tive actions were not lasting. The generator situation caused no delays in the
testing schedule; however, it necessitated nunerous iast minute “work-arounds"”
and the extensive use of NMERI's 4-kilowatt (KW) portabie generator, without
which the test schedule definitely would have been impacted. Full portable
power provided by NMERI was considered for future tests. Because of the late
adjustments in the test dates and DOE/NOQ purmit processing lead times, the
pans were not constructed in accordance with NMERI specifications. The four
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50 ft? square pans were to be constructed of 3/16-inch steel with a ribbed,
reinforced bottom. This steel could not be procured in time, nor was there
lead time for reinforcing, so testing was begun with four pans of 3/32-inch
steel, unreinforced. Furthermore, the pans were 52.5 ft2 instead of the
requested 50 ft2., As expected, the pans warped badly and considerable
hammering was applied between tests to achiave marginal releveling, Beginning
with the AH low-expansion test on 19 November, two new pans were provided by
REECo, with good bottom reinforcement; these two pans were 50 ft2 and were used
for the remainder of the tests. During the MMH pour for the lTow-expansion
obstruction and rusty metal test on 22 November, one of the reinforced pans
developed a leak along the seam on the middle of one side. The pan began to
visibly drip, and heavy vapors were seen forming beneath the pan. Vo ignition
outside the pan occurred, and the test was continued to a successful conclu-

sign. If future pans are constructed as specified, no problens should occur.

<. Procedures

The NMERI and MSA teans worked very well together, und field
procedures were easily resolved to the satisfaction 2f both parties. The
schedule matrix of the test plan was followed fairly closely, and the tast plan
safety procedure proved adequate. Prior to the first MMH pour, it was dacided
ty place an aluninun foil cap over the end of “he TGD to prevent vapor
accumulation and possible ignition, The foil was remotely reroved at the start
of the burn. During the first MMH pour, an air sample was taken approximately
1.6 miles downwind with no indication of hwdrazine. All outside participants
wore hydrazine indicator badges during the first day of testing; na badges
indicated exposure to hydrazine at the 1 ppn level or greater. Essentially on
all tests MSA personnel handled the fuels, foan, physical sanples, and burnoff
(Figures 2 through 5). NMERI personnel recorded test times and descriptions,
operated the TGD synpling apparatus, and directed the PanAm photography. Site
security and fire department support for all tests was excellent. Prior to
each test, the fire department set up and charged a hand line, and renained on
the test siiz until the final burnoff of the day was completed. Established
areas for protective breathing apparatus were maintained until 20 November,
from which time-pressure demand self-contained breathing apparatus (SCBA) or an
industrial gas mask with appropriate canister were employed by all outside
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Figure 2. Manual Pour of MMH Di-.ctly into Burn Pan.




Figure 3. Manual Ignition of MMH.
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Figure 4. Application of Low-Expansion Foam to Burning MMH.
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Figure 5. Postextinguishment Removal of Foam from Burn Pan Before
Final Burnoff.
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personnel. All test start and completion times and safety matters were coordi-
nated with the DOE onsite coordinators, Mr. Jim Baxter and Mr. Vince Iori, who
also provided exceptional support. Fortunately, no schedule impacts resulted
from conflicts with other ongoing tests at NTS. In addition to the weather
constraints discussed above, a significant schedule factor was the fatigue on
the part of the fuel and foam handlers. Particularly difficult was the move-
ment and pouring of the 500-pound fuel drums while in full firefighting and
protective breathing apparatus. It appeared that this amount of work levied on
personnel under potentially explosive and toxic conditions would Timit the
number of tests to three tests per day. As expected, the efficiency of the
testing team increased significantly as the test series progressed. This was
clearly shown in the last 2 days of testing during which 6 tests were
completed, As the comfort factor with the hazardous materials increased, it
was extremely important to ensure that attention to safety details was main-
tained through the entire test series and that no safety incidents occurred.

2. April 1986 Test Series

a. Weather

Wind conditions and temperatures were generally as expected.
Winds were usually from the south and southwest as predicted, averaging 6 to
12 mph on most days. However, winds as high as 21 mph with gusts to 37 mph
were experienced., Testing under these conditions was minimized, but the wind
was a factor in extending extinguishment times and adversely affecting the foam
movement during the wood crib tests in the foan pen. The consistency of the
wind direction greatly benefited the ease and safety of the N0, handling
operations. Toward the end of the test period, higher temperatures produced
earlier fatigue for personnel wearing protective suits and caused concern about
the heat huildup of the fuel and in the metal pans. After a spontaneous igni-
tion occurred on 28 April with Test C-15, (see Appendix F, Experimental Data,
Test C-15) the pans were thoroughly cooled with water before and during the
renaining tests with A-50, Overall, adverse weather only resulted in the loss
of 1 day of testing over the 2 1/2-week period.
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b. Equipment

Minor problems were encountered with the compressor and the
forklift, but they caused no major impact on the test schedule. REECo'S
response to these problems was usually timely. It was determined to use the
same pans as were used during the test serijes in November 1985. Generally the
four unreinforced pans were used for the N,0, tests while the two reinforced
pans were used for the A-50 tests. The reinforced pans were repaired by REECo
welders prior to use.

¢. Procedures

The NMERI and MSA teams employed the same procedures as in the
November 1985 test series. Fortunately, only minor schedule impacts resulted
from conflicts with other ongoing tests at NTS.

D.  FUEL AND OXIDIZER

The fuels used for this test series were anhydrous hydrazine (AH), mono-
methylhydrazine (MMH), unsymmetrical dimethylhydrazine {(UDMH), and Aerozine 50
(A-50). The sole oxidizer used was N,0,. For most of the tests in this
series, production fuels and oxidizers were used. Off-specification {off-spec)
fuels, A-50, were used for the April 1986 fuel series. Off-spec fuels can be
used for testing of this nature if fuel characteristics reasonadly replicate
production fuels. In no case, however, should the H,0 content be allowed to
exceed 5 percent by weight.

Since this was a Government-sponsored progran, NMERI was able to purchase
the fuels fron the San Antonio Air Logistics Center. The address is
SA-ALC/SFRL, Kelly AFB, TX 78241. C(ontacts are Mr. Jack Paddie, Ms. Bea
Hernandez, or Ms. Lucille Jordan at autovon 945-4877 or comnercial (512)
925-4877. These people were extremely helpful in handling all fuel purchase
and delivery actions. Under their program for production fuels, SA~ALC/SFRL
either purchases the materials fron a supplier or draws them from an existing
Air Force stock pile and charges the customer a fixed price. Prices are
revised quarterly. SA-ALC/SFRL 2lso arranges for the shipping of the contain-
ers to and from the test site at no cost to the customer. This can be a very
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convenient arrangement for the customer, although production materia.s are
expensive. A typical 55-gallon drum of fuel costs about $3000; whereas a l-ton
cylinder of N,0, costs about $5,500. SA-ALC/SFRL personnel normaily require

that an order be placed 60 to 90 days before required delivery.

The use of off-spec materials presents problems of a different nature.
SA-ALC/SFRL can normally locate a source of off-spec materials; but from that
point forward, it is the customer's responsibility to negotiate and finance all
arrangements. This entails a myriad of contacts, scheduling details and
uncertainties, Attempts to obtain off-spec MMH for the November test series
were not successful due to problems negotiating costs and liability issues
within the tight time constraints placed on this first test series. Off-spec
A-50 was obtained for the April test series. ThiS was made possible Targely
because: (a) NMERI had acquired more knowledge of the fuel supplier community,
(b) SA-ALC/SFRL personnel provided exceptionally good directions and guidance,
and (c) the companics possessing the off-spec fuels were extremely cooperative,
Thus, the fuels were obtained for the costs of handling and transportation
only. This, by far, constitutes the best means of obtaining the material for
test purposes if the necessary lead time is available.
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SECTION IV
TEST RESULTS

A.  NOVEMBER 1985 TEST SERIES

The series of fire tests conducted in November 1985 focused on the ability
of acrylate-modified vapor suppression foam to extinguish burning hydrazine.
Both high- and low-expansion foams were applied to 50.0 ft2 and 52.5 ft2 fires
in square pans. The hydrazine fuels used were MMH, AH, and UDMH. Hydrazine
fuels burn with very little visible flame. Flame visibility is Towest in AH
fires, followed by MMH and UDMH, in that order. This generally made exact fire
extinguishment times difficult to ascertain. Since the pan corners were the
last portions of the flame to be extinguished, the continuity of the foam cover
within the corners was normally a reliable measure of extinguishment. An IR
camera, loaned to NMERI by the Naval Research Laboratory, was used during some
tests, but it was difficult to distinguish the flwme from the heated pan in the
corner areas through the IR lens. The fire test procedures followed the
Underwriters Laboratories (UL) Standard 162 (Reference 6) procedure for 1low-
expansion foan and National Fire Protection Association (NFPA) 11A
(Reference 7) for high-expansion foam., MSAR officials contributed to the test
result data described belcw.

In addition to fire extinguishment timing tests using the low-expansion
foan, wand and stovepipe tests were conducted. The wand test (Figure 6), as
described in UL 162, Section 18.18-18.19, is performed after 5 minutes of foam
application (provided extinguishment of the fire is achieved) by passing a
lighted torch approximately 1 inch above the entire foan blanket for a speci-
fied amount of time, This specified time is 9 minutes for AFFF and 15 minutes
for protein, fluoroprotein and synthetic concentrate foams. To pass the wand
test, the fuel must not ignite within the time allotted unless it is able to
self-extinguish in 30 seconds or less. The stovepipe test (Figure 7), which
was performed directly following the wand test, is also outlined in UL 162,
Section 18.20-18.21. This test involves placing a stovepipe of 12-inch
dianeter into the foan blanket. This pipe must be of sufficient height to
protrude above the foan blanket by approximately 4 inches. The stovepipe must
be placed about 2.5 feet from each of two adjacent sides of the test pan with
as little disturbance to the foam blanket as possible. The portion of foam
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Figure 7. Stovepipe Test.
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inside the stovepipe is removed, and the fuel within is ignited. 7Tne fuel is
allowed to burn for 1 minute and the stovepipe is then slowly removed. The
test is considered successful if (1) the foam blanket is able to restrict the
spread of fire to an area of 10 ft? for 5 minutes, or (2) the foam is able to
flow and cover the burning area. The wand and stovepipe tests are used for
low-expansion foam only. Individual test descriptions and results are
contained in Appendix F.

The basic fire sequences were conducted using MMH. The foam application
used, described in UL 162, Section 18.12-18.13, involves positioning the nozzle
so that the foam is directed across the pan, at an angle above the horizontal
so as to strike a backboard on the opposite side of the pan (Figure 4). This
method of application was used for all fire tests except the tests which used
the AFFF flared nozzle, and foam application in accordance with MIL-F-24385C.
Extinguishment times were obtained for different application rates. The data
were plotted with foam application rate versus extinguishment time, and a typ-
ical curve for flammable liquid was fit to these points (Reference 2). Minimum
application rate and design rate are defined using this curve (Figure 8). This
is accomplished by drawing a tangent line to the vertical portion of the curve
and extending this line to the abscissa. The point of intersection with the
abscissa is defined as the minimum application rate. The design rate is then
determined by drawing a second tangent to the horizontal portion of the curve,
and extending a vertical line down to the abscissa from the tangent point.

This point of intersection with the abscissa is the design rate, The calcu-
lated design rate of application for MMH was then used for AH and UDMH fires.
These rates were also applied on MMH fires with obstructions and rusty metal
present in the burn pan. Additional MMH fires were extinguished with commer-
cial Agueous Film-Forming Foam (AFFF) and Alcohol-Resistant Concentrate (ARC)
foams. Finally, the acrylate-modified foam was tested using the calculated
design rate with heptane and leaded gasoline fires.

1. Monomethylhydrazine
a. High-Expansion Foam

The high-expansion foan was generated at a nominal 160:1
expansion ratio. MMH Fire Tests A-9, A-10, and A-8 were conducted with
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application rates of 24 ft3/min, 55 ft3/min, and 118 ft3/min, respectively.
Tests A-9 and A-10 yielded no extinguishment, whereas Test A-8 produced
extinguishment in 1 minute 1 second. The data was plotted in Figure 9 and a
design rate of 79 ft3/min for the 52.5 ft2 fire, or 1.5 ft3/min/ft2 was
established. A minimum application rate of 70 ft3/min was also determined from

the curve. At the design rate, the extinguishment time was 1 minute 15 seconds
(Test A-16).

Test E-16/F-16 (Figure 10) was conducted to assess the ability
of the foan to flow around obstacles and control fires where hot metal was
present as a reignition source. The obstruction used was a 30-gallon rusted
steel drun placed upright in the center of the fire pan. About 10 pounds of
rusted scrap steel was wired together and placed beside the drum. This fire
was extinguished in 39 seconds at the established design rate of 79 £t ¥/min.
When the reduced fire surface (caused by the presence of the drum) is
considered, this time is consistent with data obtained for fires without
obstacles. There was no evidence that the obstacles or hot metal interfered
with the flow of the foam or the extinguishment of the fire. The data for the
high-expansion fire tests are presented in Table 3. The obstruction test data
are also plotted in Figure 9.

b. Low-Expansion Foam

Low-expansion foam had a nominal expansion ot 8:1. ihe iow-
expansion tests on MMH fires employed initial application rates of 2 gal/min,
3 gal/min, and 6 gal/min. No extinguishment resulted in Test A-2 with an
application rate of 2 gal/min. Test A-3, application rate of 2 gal/min,
produced extinguishment in 2 minutes 13 seconds; and A-15, 6 gal/min
application rate, extinguished the fire in 1 minute 12 seconds. The design
rate for MMH fires using the low-expansion foam was estimated from the plotted
curve in Figure 11 to be 4 gal/ min, or 0.076 gal/min/ft?. Extinguishment time
at this rate was 1 minute 18 seconds {Test A-1), siightly greater than the

extinguishment time for the high-expansion foan using the calculated design
rate.

The obstruction test, using MM4 as the fuel (Test £-15/F-15),
was conducted in the same manner as with the high-expansion foan obstruction
test. The application rate used was 4 gal/min; at this rate the fire was
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Figure 10. High-Expansion Foam with Obstruction and Rusty Metal.




TABLE 3. HIGH-EXPANSIZ ACRYLIC-MOD:FIED FOAM TESTS.

Fuel
. Application | Extinguishment
Test Quantity Fire size rate time
no. Date Type (gal) (ft2) (Ft3/min) (min-s)
A-8 11/17 MMH 55 52.5 118 1-01
A-9 11/18 MMH 30 52.5 24 Failed
A-10 11/18 MMH 55 52.5 55 Failed
A-16 11/19 MMH 55 52.5 79 1-15
D-16 11/20 AH 55 50.0 79 0-45
B-16 11/20 UDMH 55 50.0 79 6-30
E-16/F-16 11/22 MMH 55 50.0 79 0-39
N-30 11/24 | Heptane 55 50.0 79 1-35
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extinguished in 2 minutes 20 seconds. With Tow-expansion foam, the presence of
the drum siows the extinguishment process because it is more difficult for the
Tow-expansion foam to flow around the drum to reach the rear area of the pan.
In all low-expansion tests the wand test was passed. The stovepipe tests were
also passed, all in less than 10 seconds. The data for the low-expansion tests
1s given in Table 4. The obstruction test is plotted in Figure 11.

€. MIL-F-24385-C Tests

The low-expansion test utilized in certifying foans for Depart-
ment of Defense (DOD) use, employs a round pan of 28 ft2, a foam discharge of
2 gal/ min, a flared-foan pattern and a plunging-type application. The
plunging-type application, described in UL standard 162, section 18.14,
involves striking the fuel surfacce near the opposite side of the test pan with
the nozzle at an angle slightly above horizontal. This test was conducted on a
MMH fire (Test A-1A) using the acrylic-modified foan. Neither fire extinguish-
ment nor control was achieved during the 5-minute time limit, This was
expected since the plunging-type application is generally not suitable for
water-miscible fuels. Data for this test are prasented in Table 5.

d. Commercial Foam Agents, Low Expansion

Three fire tests were conducted using the commercial foanm
agents, Ansulite Alcohol-Resistant Concentrate (ARC), and Ansulite AFFF sup-
plied by the Air Force. All tests were conducted in the 50 ft? pan using
55 gallons of MMH and a l-minute preburn.

The ARC (6 percent) was tested at application rates of 4 gal/min
for Test A-24-2 and 6 gal/min for Test 4-24-1. These MMH fires were extin-
guished in 4 minutes 30 seconds and 1 minute 15 seconds, respectively. In both
cases, the foam passed the wand tests and the stovepipe tests. For Test
A-28-1, extinguishment was immediate once the stovepipe was removed. For Test
R-24-2, the stovepipe test fire was not extinguished. The fire increased in
size slowly but met the UL 162, Section 18.21, criteria of less than 10 ft?
increase in 5 minutes. The ARC foans broke down more rapidly than the acrylic-
modified foans once the fire was extinguished. These data are consistent with
prior data for spill control where commercial ARC foams were able to control
the vapor but exhibited much shorter control times.
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AFFF (6 percent) discharged at 6 gal/min, Test A-23,
extinguished the MMH fire in 2 minutes 51 seconds and passed the wand test.
In the stovepipe test, the fire increased in size but met the criteria of a
maximum of 10 ft2 increase in 5 minutes. This foam exhibited less stability

over the MMH than the other agents tested. The data from the ARC and AFFF
tests are also presented in Table 5.

2. Other Fuels--AH, UDMH, Heptanme, and Gasoline
a. High-Expansion Foam

This series of tests was conducted in the same manner as tests
using MMH fuel. The high-expansion foam was generated at a rate of 160:1.
Using the design rate of 79 ft¢/min calculated for MMH, AH (Test D-16), and
heptane (Test N-30), fires were extinguished at 45 seconds and 1 minute
35 seconds, respectively. UDMH (Test B-16) could not be extinguished in the
S-minute time limit established in UL 162, Section 17.19, using the calculated
design rate. At the design rate, extinguishment required an application time
of 6 minutes 30 seconds. The higher vapor pressure of UDMH is considered to
be the reason for the more severe extinguishment requirements. This data is
presented in Table 3. Figure 12 shows the MMi curve with extinguishment times
for AH, heptane, and UDMH also shown on this curve.

b. Low-Expansion Foam

The expansion rate used for these tests was 8:1, as was used
for the MMH fire tests. The calculated design rate of application for MMH,
4 gal/min, was employed for these tests. The AH fire (Test D-15) gave extin-
guishment in 1 minute 12 seconds, similar to the time for high-expansion foam.
The heptane fire (Test N-29) was extinguished in 2 minutes 57 seconds. This
extinguishment time was expected because the acrylic-modified foam does not
produce an effective gel when placed in contact with heptane. Therefore,
extinguishment of heptane fires takes longer than hydrazine fires where an
effective gel is formed.
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The Tow-expansion foam failed to extinguish the UDMH fire (Test
B-15) at the calculated design rate. After 5 minutes of discharge, less than
half of the fire was covered with foam, and flame was visibly burning ihrough
the foam, This differed from the high-expansion foam application used with
UDMH fires (Test B-16), where the only effect was the extension of the extin-
guishment time. Given the results of Tests B-15 and B-1§, it was decided that
a complete test series on A-50 should be run when testing resumes in April
1986. This will involve a three-test design set for both low- and high-
expansion foams. These tests are deemed necessary because A-50 is 50 percent
UDMH and is a widely used fuel. In all cases where the low-expansion foam
produced extinguishment, the stovepipe and wand tests were passed. In all
stovepipe tests, the fire was completely extinguished in 10 seconds or less
once the stovepipe was removed. The test data with low-expansion foan are

presented in Table 4. Figure 13 gives an overlay of the additional fire tests
on the MMH curve.

C. MIL-F-24385C Tests

A second test (Test A-1B) of this type was conducted with the
acrylic-modified foam using leaded gasoline as the fuel. The procedure used
for this test was the same as was used for the previous MMH MIL-F-24385C
tests. Control for this fire was achieved in 3 minutes, although there was no
extinguishment. At the end of § mirutes, significant flame was still present
at the edge of the pan opposite the point of foam impact. Like the previous
heptane tests, no gel formed with the gasoline; therefore, efficiency of the
foan was impaired. The data from this test are presented in Table 5.

8.  APRIL 1986 TEST SERIES

In April 1986, the program was resumed to complete the unfinished tests,
Five test sequences were conducted. Two of the sequences involved A-50, a
hydrazine-based propellant consisting of a 50-50 mixture of AH and UDMH. The
other three sequences involved N,0, supported fires. Individual test descrip-

tions and results are contained in Appendix F. MSAR officials contributed to
the following test result data.
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1. Aerozine 50 Fire Tests

The A-50 tesis were conducted in the same manner as the previous
hydrazine test fires., Before the tests, the question was raised as to whether
the UDMH would burn off preferentially. The data obtained from the A-50 fires
does not indicate any preferential burnoff of UDMH. It appears that because of
UDMH, which increases volatility and reactivity, A-50 fires were more intense
than those of AH or MMH, but Tess intense than those of UDMH.

a. High-Expansion Foam

A-50 was tested with high-expansion foam at 3 different
application rates in a 50 ft? pan. Test A-18 with an application rate of 55
ft3/min resulted in no extinguishment. Test C-16, using an application rate of
79 ft3/min, and Test C-16A using 118 ft3/min, resulted in extinguishment in
3 minutes 30 seconds and 2 minutes 15 seconds, respectively. One additional
test was conducted at 173 ft3/min, Test C-16B, which gave extinguishment in
1 minute. This high-expansion test data is plotted in Figure 14, Interpreting
the high-expansion data gives a minimun foam application rate of 115 ft3/min
and a design rate of 150 ft3/min or 3 ft3/min/ft2. Data from these tests are
presented in Table 6.

b. Low-Expansion Foam

Results of low-expansion foam tests were obtained for

application rates of 5, 6, and 9 gal/min in Tests C-15, C-15A, and C-158,
respectively. Test C-15 resulted in extinguishment in 3 minutes 55 seconds,
whereas Test C-15A was extinguished in 3 minutes and 30 seconds. The shortest
extinguishment time of 1 minute 8 seconds was obtained for Test C-158.
Plotting this data, contro] and extinguishment times yield the curve in
Figure 15. The analysis of the low-expansion extinguisiment data gives an
estimated minimun application rate of 7.5 gal/min and an approximate design

f rate of 9.0 gal/min, or 0.18 gal/min/ft2. The deviation of the UDMH data point
(obtained from Test B-16) from the A-50 curve is not as pronounced for low-
expansion foan as it is for the high-expansion foan. In the analysis of the
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TABLE 6. HIGH-EXPANSION FOAM TESTS--A-50 IN 50 FT2 PAN.

Fuel Application Extinguishment
Test quantity rate time
no. Date (gal) (ft3/min) (min-s)
C-16 4/17 55 79 3-30
C-16A 4/17 55 118 2-15
C-168 4/28 55 173 1-0

low-expansion tests, .t lower application rates there is a large difference
between control and extinguishment times. This time difference is due to an
aonormally Tong time to extinguish the final vestige of burning in the corners.
If the UDMH data point is compared to this control time curve, knowing that no
control was achieved in 5 minutes at 4 gal/min, UDMH is seen to be signifi-
cartly more difficult to extinguish and control than A-50.

While additional data will define application rates more accu-
rately than those derived above, it is felt that the curves for control time
more nearly typify significant fire data in this case than do the curves
defined by the extinguishment times., The same method can be used to define
design rate and minimum rate for control time as is used with the extinguish-
ment curve. Analysis of the control time curve gives minimuu rate of
5.5 gal/min and & design rate of 6.5 gal/min or 0.13 gal/min/ft%. The data for
these tests is given in Table 7.

2, Nitrogen Tetroxide Supported Fire Tests

Nitrogen tetroxide (N,0,) is not flaumable of itself; but being a
strong oxidizer, it will intensivy the burning of combustibles. The basic
objective of this test series was to evaiuate the ability of the acrylate-
modified foams to control and extinguish fires involving N,0,. In the course
of the tests, data were obtained on the effect of the high oxygen content of
the nitrogen tetroxide on the burning rate and fire intensity.
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TABLE 7. LOW-EXPANSION FOAM TESTS--A-50 IN 50 FT2 PAN.

Fuel Application | Extinguishment

Test quantity rate time
no. Date | (gal) (ft3/min) (min-s) Comments
c-15 4/28 45 5 3-55 Fire out except for

corners in 1 minute
57 seconds.

C-15A | 4/26 55 6 3-30 Fire out except for
corners in 1 minute
30 seconds.

C-158 | 4/26 55 9 1-08

In addition to the concern for the influences of N,0, on the fire
itself, questions also existed regarding the potential for spontaneous
igniticn, Such ignition could be due to contact of the oxidizer with
combustibles, and long-term contact of organics with the oxidizer to form
compounds such as nitrates which could increase flammability or other hazard
potentials of the mixtures. A wide measure of these possibilities was
inherently included in the test program, Individual test descriptions are
contained in Appendix F.

a. Nitrogen Tetroxide and Flammable Liquids

Diesel fuel was selected as the flammable liquid to be used in
these tests. Like all of the hydrazine tests, the basic fire tests were
predicated on UL Standard 162. Prior testing has established that only high-
expansion foam effectively controls N,0, vapors. This is mainly because high-
expansion foan has less water than low-expansion foam. The low-expansion foan
contains 20 times as much water per volumetric measure as does the high-
expansion foan. This amount of water makes the N0, increasingly more volatile
and prohibits an effective gelling of the foam blanket. For this reason only
high-expansion foan was tested for fire control of N,0, supported
combustibles.
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Tests were run with 30 gallons of diesel fuel charged directly
into the 50 ft2 test van. Normally hydrocarbons are floated on water for fire
testing, but this is not acceptable with N,0, because it reacts violently with
water. An equal amount of N,0, and diesel fuel was charged into the pan.
Nitrogen tetroxide is heavier than diesel fuel and sinks to the bottom of the
pan. As it boils through the fuel, it causes a bubbling and frothing which is
the same color as the diesel and N,0, mixture. The frothing was fairly vigor-
ous early in the N,0, discharge but slowed and localized with time. It was
discovered during these tests that the fuel could not be ignited by applying
flame to the froth areas. It appeared that the froth area was high in N,0, but
low in fuel vapor. Ignition was readily achieved in nonfrothing areas and the
fire rapidly propagated over the total fuel surface, including the froth areas.
Once tully developed, the diesel fuel/N,0, mixture burned with an abnormally
high intensity; flames were white rather than the normal yellow-orange. In all
tests, the high-cxpansion foam consistently extinguished the diesel/N,0,
fires.

The diesel and N,0, tests were run at three application rates,
all of which were effective in extinguishing the fires, Test H-10, with a flow
of 118 ft3/min, achieved extinguishment in 1 minute 41 seconds. Tests H-8R and
H-8 used ar application rate of 142 ft3/min which achieved extinguishment times
of 1 minute 48 seconds aid 3 minutes 50 seconds, respectively. The difference
in these times directly rel trs to wind conditions. See Appendix F for
detailed test conditijons. At a flow rate of 236 ft3/min, Test H-9 resulted in
an extinguishment time of 1 minute 5 seconds.

No :roblems were experienced in mixing the diesel fuel with the
N,O,. A1l ignition, were intentional. In I-16 the aiesel fuel and N0,
mixture was agad for 14 hours before the scheduled ignition. No spontaneous
ignition occurred during the 14 hours. At the time of scheduled ignition, most
of the N0, boiled off. A small portion remained dissolved in the diesel fuel
as evidenced by a deep brown color. When this fire test was conducted, no
abnormalities in the ignition or the burn were observed. The fire intensity
did not appear to be as great as for those involving fresh fuel-nitrogen
tetroxide mixtures. The extinguishment time, 2 minutes 4 seconds,
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was longer for the aged material. This was most 1ikely due to the longer
preburn time, 2 minutes versus 30 seconds for the unaged material. A Z2-minute
predurn was required to permit full development of the fire.

The only difficulty experienced in this test was in
extinguishing the fire in the corners of the pan opposite the point of foam
discharge. This difficulty resulted due to the formation of an acrylic layer
where the foam contacted the N,0,. The acrylic layer, formed at the edge of
the foam, was charred by the fire and formed floating islands of carbonized
acrylic which were pushed into the corners by the advancing foam front. This
carbonized acrylic absorbed the fuel and sustained the burning, The foam had
to establish sufficient depth to cover this carbonized material before complete
extinguisiment was achieved. During the fire, intense N,0, vapors evolved, as
evidenced by a brownish-red cloud above the pan and a highly visible plume down
range. Once the fire was extinguished, vapor control achieved by the foam was
equivalent to a spill-only situation.

Analysis of this data plotted in Figure 16 gives a design
application rate of 150 ft3/min or 3 ft3/min/ft2. The flat portion of the
curve is well-defined due to consistency of the data points. A minimum
application of 110 ft3/min is shown, but this can only be considered an
approximation because the upper portion of the curve can cnly be estimates.
Table 8 gives the data for this series as well as the N,0,/tire series.

TABLE 8. HIGH-EAPANSION FOAM TESTS--N,0, SUPPORTLD FIRES.

Application | Extinguisiment
Test Fuel/ rate time
no. | Date N, 0, (Ft3/min) (min-s) Comments
H-10 | 4/16 | Diesel 118 1-41 Frothing interfered
with ignition
H-8R | 4/1€¢ | Diesel 142 1-48
H-9 | 4-15 | Diesel 236 1-05
[-16 | 4/23 | Diesel 142 2-04 14-hour soak
K-26 | 4/16 Tire 142 2-30
L-26 | 4/23 Tire 142 1-10 14-hour soak
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b. Nitrogen Tetroxide and Tires

Two fire tests were conducted with tires exposed to N,0,. In
each test, one-hal¥ of a commercial truck tire casing was placed in a 50 ft2
pan and 30 gallons of N,0, added. A small amount (2 gallons) of heptane was
placed inside the casing to assist in ignition. The first fire, Test K-26, was
ignited and allowed to burn long enough to consume the heptane and provide a
well-developed fire in the casing. Foam was then discharged into the pan at a
rate of 142 ft3/min. It was difficult to determine if the presence of the N0,
contributed significantly to the fire intensity. Extinguishment time was
2 minutes 30 seconds, which was the time necessary to build sufficient foam
depth to cover the tire casing.

The second test, Test L-26, was identical to Test K-26, except
that the tire casing was left in contact with the N,0, overnight. In the
14-hour period, the free N,0, boiled off. The tire and the N0, reacted to
produce a gunmy coating on the casing, This material produced wisps of red
vapor from the N,0, even after 14 hours of aging. When the tire was ignited,
the gummy material burned much more intensely than the tire itself. This
material was rapidly consumed, leaving the residual casing to burn in a typical
manner. The extinguishnent time, 1 minute 10 seconds, was shorter for this
test than for Test K-26. This may be due to the absence of free N,0, which
normally contributes to foam collapse. As with the diesel fuel, no spontaneous
ignitions occurred nor was there evidence of severe reactions in the fire
sequences. The data from these tests are plotted in Figure 16 and presented in
Table 8.

C. Nitrogen Tetroxide and Wood

For the fires involving wood, the fire test procedure for high-
expansion foam using Class A combustibles given in paragraph A-1-10.5(a) of
NFPA Standard 11A was chosen. In this test, the foam must flow for 12 minutes
within an appropriately sized enclosure before reaching the specified wood
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pallet fire. A 1,500 ft3/min foam generator was chosen to facilitate a large-
scale realistic test. The pen size, as shown in Figure 17, was set at 15 feet
wide, 120 feet long, and 10 feet high as dictated by NFPA 11A. The pen was
constructed of a frame of two-by-fours covered on the sides and back with heavy
clear plastic. The last 20 feet of the pen, where the fires took place, was
constructed of sheet metal (sides, floor, and rear wall). This procedure was
modified for two tests of this series by placing a pan charged with N,0,
beneath the stacked pallets (Figure 18).

Extreme difficulties were experienced in attempting to
extinguish these fires. The foam appeared to flow adequately during the
calibration test to determine flow and timing. In subsequent tests, however,
difficulty was experienced when foam reached the mark which was calibrated on
the pen at 9 minutes (usually between 80 and 90 feet from the foam maker).
Either through gelling, drainage, or both, the foam lost its fluidity and
stopped moving. In Test 0-27, even with a 10-foot head, the foam would not
move beyond the 9-minute mark. Fire control was achieved in Test 0-26 in
22 minutes; this test was hampered by winds disrupting the foam continuity
(Figure 19). In a third test (N-30), a following wind assisted in driving the
foan the full length of the containment (Figure 20). In this test, the wood
cribs were covered with foan and the visible evidence of the fire eliminated in
17 minutes. As is the usual case with the NFPA standard 11A test, the wood
continues to smolder beneath the foam blanket and fire control rather than
complete extinguishment is the measured result.

The presence of the N,0, vapor appeared to accelerate the
combustion of the wood. Visibility is restricted within the enclosure,
particularly in the fire 2one; whether or not the N 0, affected the foam
behavior could not be determined. Thermal currents and wind effects were the
predominant influences in determining the movement of the foan within the pen,
especially within the last 20 feet of the pen,

As with the diesel fuel and tires, one test (0-27) involved
aging the combustible wood pallets in contact with N,0,. Only the pallets on
the bottom of the stack were exposed directly to the Ng0,. A small amount of
heptane was used to assist in ignition. This test was one in which foan failed
to flow properly. No attempt was made to extinguish the fire by other means,
and the pallet fire burned to completion, An investigation of the fire residue

50




D

7 3 A§‘,,‘}p\‘

by e ~ PR e
ORI s

Figure 17. General Layout of Foam Pen.

Figure 18. MWood Crib Configuration and Placement Within Pen.
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Figure 19. Effects of Wind on Foam Migration.

' Figure 20. Movement of Foam Through Pen.




showed that the N,0,-exposed wood had, in fact, not burned to the same degree
as the unexposed wood in the fire.

The data obtained in these tests show that the vapor sup-
pression foan is effective in controlling Class A fires if the foam can be
discharged to the fire. However, in these tests, the foan exhibited a stiff-
ness and a tendency to dry along the forward edge of the foam mass, generally
preventing it from reaching the fire. Wind, ambient temperature, and the
roughness of the pen floor may have also had varying effects on the foam
migration. Clearly, however, the foam characteristics are such that they are
not consistent with the NFPA 11A-designed test requirements.

The last test conducted was Test A-18. A 50 ft2 pan was
charged with 30 gallons of N,0,. Six feet above the pan, a spray nozzle was
suspended and attached via 1/4-inch stainless steel tubing to a 5-gallon
pressurized container of A-50 10 feet from the pan. A solenoid was placed in
this line next to the A-50 container and connected to a solenoid power box
80 feet away. Fifty feet further away was the generator powering the solenoid
power box. The solenoid control box was 200 feet further from the power box at
the trailer; thus, the closest personnel during this test were approximately
280 feet distant. Because of problems :ncountered with equipment and apparatus
during preparation, the N,0, was foamed four times in the hour before the A-50
release, the last time being 3 minutes before the first A-50 stream (spray
discarded due to plugged nozzle). The first release of the A-50 produced
immediate, violent ignition of the A-50 strean--a stream dropping into the N,0,
pan of the approximate size and velocity of a water pistol. A violent orange-
white flame 1 foot in diameter and 5 feet high was produced. After 20 seconds,
the A-50 stream was stopped and the fire immediately ceased. Ten seconds
later, the strean was again activated with the same results. The procedure was
then repeated several times with identical results. Ignition and combustion
sounds were very loud, similar to those produced by a rocket engine,

Because of the vioience of this reaction and the setup
difficulty, it was determined not to proceed with Test A-21 (N,0, drip into
A-50 pan), This decision was based on safety factors and the violence of the
hypergolic reaction as evidenced in this test. If the foan had any suppressive
effect on the ignition and combustion resulting from this test, it appeared to
be wminimal.




SECTION V
CONCLUSIONS AND RECOMMENDATIONS

A.  CONCLUSIONS

1. The acrylic-modified foams consistently extinguished 50 and 52.5 ft?
fires of the complete hydrazine series and also fires of other combustibles
supported by nitrogen tetroxide. The foams appeared to give repeatable and
predictable results under a variety of different test parameters,

2. The performance of the AFFF and ARC foams was respectable. While
extinguishment times were generally longer than with the acrylic-modified
foams, burnback qualities were acceptable. Very visible vapor percolation
occurred with these foams leading one to believe that the absence of a sur-
factant additive prevented these foams from being effective vapor control
agents. The overall sealability of these foams was poor in comparison to the
sealability of the acrylic-modified foams.

3. Sufficient extinguistment data was derived from several scenarios
to establish desired foam performance parameters for the purpose of developing
a Military Specification.

4. While visible evidence more than amply indicated that the acrylic-
modified foans were effective against Class A combustibles, the foam did not
migrate sufficiently within the foam pen, as described in NFPA 11lA, to pass
that particular test.

5. The hydrazines did not appear to be as difficult or hazardous to
handle as previous data had indicated. Of 24 druns burned, 1 spontaneous
ignition occurred. If additional or qualification testing of these or other
foams are to be conducted in the future, the facilities at NTS can accommodate
such testing. However, improvements in pan-filling procedures must be
considered. The application of these foams against hydrazine/N,0, mixtures
should not be considered for testing at NTS, as adequate facilities for the
explosive nature of this testing do not exist.
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6. While the test series did not inciude comparisons of the acrylic-
modified foam extinguishment performance and disposal potential with that of
water, all visible notations would seem to indicate a vast superiority of the
foam. A cost analysis can be performed comparing extinguishment of hydrazine
and N,0,/ diesel fuel fires using the acrylic-modified foams with extinguish-
ment of these materials using water. The scenario developed for the extin-
guishment of hydrazine assumes the following:

a. A 50 ft? fire in a contained pan with 55 gallons of MMH.

b. Water extinguishment occurs by the dilution of hydrazine below
its flammable Timit.

c. The amount of water necessary to extinguish a MM{ fire is 3 gal-
lons of water per gallon of MMH. This assunes that MMH requires a slightly

greater amount of water to extinguish than does UDMH (2 gallons of water per
gallon) (Reference 8).

The scenario developed for the extinguishment of a diesel fuel/N,0, fire
assumes the following:

a. A 50 ft? fire in a contained pan with 30 gallons of N,0, and
30 gallons of digsel fuel,

b. Water extinguishment of N;04 occurs through the dilution of the
oxidizer to the extent that it no longer supports combustion. Then the
remaining air-supported fire is extinquished with AFFF. The amount of water
necessary to extinguish a N,0,/diesel fuel fire is 10 gallons per gallon of
N, G, .

C. Before extinguishment is complete, 75 percent of the diesel fuel
is burned.

In both scenarios, the anounts of foam necessary for extinguishment are
based on actual test data contained in this report. Following extinguishment
of hydrazine with foam, the foam is removed and disposed of as a hazardous
waste and the remaining hydrazine burned off in a controlled burn, while the
entire volume of hydrazine and water is disposed of as a hazardous waste.
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Following extinguishment of N,0, with foam, the entire volume of foam and

N,0,/diesel is disposed of as a hazardous waste, as is the entire volume of the
water-extinguished N,0,/diesel.
are estimated at $6 per gallon of contaminant.

Division (HQ SD/CFPE).

For cost comparison purposes, disposal costs

This figure was given by
Captain Jim Betshart of the Chemical Systems Branch Af the Air Force Space

analysis revealed the results contained in Table 9.

gased on the above conditions and assumptions, a cost

TABLE 9. RESULTS OF COST COMPARISON BETWEEN EXTINGUISHMENT OF HYPERGOLIC
FUELS OR OXIDIZERS WITH ACRYLIC-MODIFIED FOAM AND WITH WATER.
Fuel Method of Waste disposal|Materials| Manhour Total
extinguishment costs ($) costs ($)]costs ($)2|costs ($)
MML water 1320 --- Included 1320
MMH Low-expansion
foam 31 9 40 80
MMH High-expansion
foam 22 7 40 69
N,0,/Diesel Water 1980 --- Included 1980
N,0,/Diesel | High-expansion
foam 284 17 Included 301

STwo men for 2 hours at $10 per hour for conducting controlled burn.

B.  RECOMMENDATIONS

1. This report should be made available to all users of the hypergolic

propellants, hydrazine, and nitrogen tetroxide.

The test results clearly indi-

cate the superiority and effectiveness of the acrylic-modified foams which were
tested, while the theoretical cost comparison developad in paragraph 6 of the
conclusions evidences the significant cost advantages of the foams.

2. The proposed military specification {Appendix G) should be processed
in an expeditious manner,

The present need to field hypergolic vapor control
and fire suppression foams is considered urgent.




3. For future fire testing of the hypergolic propellants, either singly
or together, foremost consideration should be given to using the facilities at
the Kennedy Space Center, If these facilities cannot be made available and NTS
must be used, hydrazine testing should incorporate a safe, remote pan-filling
procedure, and combination testing should not be attempted.

4. C(Candidate foams which are tested and judged to meet the Military
Specification requirements should be further subjected to large-scale fires
with the intent of studying hardware, large-scale application techniques, and
logistical approaches.
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L ¥, DU

10, POLY RES MON

y HAZARG RATING  fwt
: ROHM 83 HRAS COMPRNY e s
. CORPORATE # 1GOUCT IRTIGAITY OEPARTMEKT EMERGENCY TELEPHONE THGREaATE agm 0
1 4 . MALL WigT 215-692-3000 (RORM ANO HAASH QeINSIONIFICANT
N PHILADRLANIA, PA 1IN0 $0U-424-9200 ICHEMTRECH se$El SECTION 3V jHi 14718
P MATERIAL SAFETY DATA SHEET  "OT OSHA HAzARboUS
MATIRIAL coot REY "“Toor ratars ciass
ACRYSOLO® ASE~60 Thickening Agent 61611 904168-1 NONREGULATED
OAVE ISSUKD B
06/21/85
: FOAMLLA CHEMICAL NAME OR SYRORYMS
fiot applicabla Aqueous acrylic emulsion
{1 -~ COMPOSITIONAL INFORMATION
— APPRON WY % | TWATTLY
CAS REG. NO. RLH OSHA ACGIH
kerylic copolymar NONHAZ 27-29 NE NE NE
asidual monomers (See Suotion X NOT REQ C.1 max. NR HNR MR

3 ater NONHAZ 71-73 NE NE NE
i J1I — PHYSICAL PROPERTY INFORMATION |

At APPEARANCE ¢+ DDON + g, VISCOTITY
Milky white liquid; mild acryllc odor; pH 2.1-é.9 5000 cps max.

. WELTING QR FRELIING POINT BOILING POIHT VAPQR PRESSURE ina Hgt VAROR DENSITY (ALR«Y)

o 10C/ 322 _water 100C/242F water 17 _20C/68F Less than 1, water
SOLUBKITY N WATRR PEACHNTY VOLATILE @Y WEIGHN [ SRECIFIC GRAVITY (WATER=Y EVAPORATIOM RATE BUTYL ACETAT(:1)
bilutable 71-73 water 1.0-1.2 Less than 1, water

1 ~  FIRE AND EXPLOSION HAZARD INFORMATION}

FLASM POINT ATQ IGMITION TEMPEAATURE ILOW!I EXPLOSION LIBAIT (N IUPP(R EXMOSION LIMIT M)
on-coabustible A NA NA .

TXTINOUIBHING MIDIA
soAM “ALCOMDL® €0y oay wATER oTrER
ot P

SPECIAL PIAL FIGKTING PROCIDUARS v

{Rone

UNEUAL FIRE AND IXALOSION RAZANDS
Materinl can splatter above 100C/212F. Polymer film can burn.

TIV "— “HEALTH HAZARD INFORMATION|
BOM AMD HAAS MECOMMENGSD WOAK PLACE SXAPOSURE LINITS

[§754CTH OF GVONPORUM

Inhalation: Vapor or mist cun cause headache, nausea, and irritation of the nose, tr_ocat and
iungs.

xin Contacts Irritating to skin upon repested or proicnged contact.

EZye Contact: Slightly lrritating to eyes.

EMAERGINGY ANO PIRET A0 PROCEDURES ’ .
Inhalationt Hove subject to fresh afr.
[tye and Skin Contact: PFlush ayss with a large amourt of water for at least 15 minutes. Sae
. ;»hy:&':un if irritation persists. Wash affected skin areas with scap and water.
T ¥ .
i
I
I
e
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[V — REACTIVITY INFORMATION |

STABLLITY COMDITIONS TO AVOID
[XJsrass G“"""U Temperatures over 172C/350F. .
HAZAROOUS DECOMPG 3ITION PAOOUCTS - '
NA
[RATAAGOUS ROLYMERIZATION COMNTIONS 7O AVOID
MAY WL NOT YA
ocoum
NPATIMLY M To AVOCO
'WATER
lVI = SPILL OR LEAK PROCEDURE INFORMATION |

STEPS TO B TAKEN N CASE MATERIAL 15 ADLEASID OR SPILLID

Xesp spectaters avay. Floor may be slippery; use care to avold falling., Dike and contain
spill with inert material (e.g., sand, earth). Transfer liquid to contajiners for recovery or
disposal and solid dikipg material to separate containers for disposal, Xeep spills and
cleaning runoffs out of municipal cowars and opan bodies of watar.

Fizh Toxicityt Product is non-toxic to fish. Pathead minnow, LC50 (96h): >1000 ppm; daphnis,
LC50 {4&h) >1000 ppm.

WASTE DiFJ8AL MITHODE
Coagulate tha emuision by tha stepwise addition of fervic chloride and lime. Remove the clear
supernatant liquid and flush to a chemiczl sever. Llandfill the solids and the contaminated

[dikine material according to local, atate, and fedaral regulations.
IVIT = SPECIAL PROTECTION lﬁgmﬁoﬂ >

VONTILATION Tvog
Nechanical local sxhaust ventilation at point of contzminant relsase.

WP IAATORY PROTIGTION
Mons required {f good ventilatioa i maintained, O ‘138, wear self-contained breathing
apparatus (prossure~desand, MSAA/»I0SE-approved oF equivalant).

PROTECTIVE MOVES TV PROTYCTION

lapervious Chamical splash goggles (ANSI 2-87.1 or approved equivalont)

oTHE VG KON J
— TVIIT — STORAGE AND WANDLING INFORMATION]

STOAAGE TRAPERA Tnoooa lmm ]-onmumm [ov'ooo-

vor 4SC/A20 win_1C/30F
PRECAUTIGHARY LABELING: KEEP PROM FREEZ (WG—FRODUCT NAY COAGULATE.

—— - rw~

L _ : e

R TIX = _YGXICITY ‘W-ORMATIOM
Fabbit, dermal LD3G: >3-0 ¢/kg
Rahoit, skin irziteticas mildly frritating
Rabblt, eye irritationt inconsequentially irritsting.

[X = WISCELLANEOUS 'WrORMATION]

NOTE: HoGOBAS VRpOTS can be svolved vhen product is heated during processing cperativns. In
tuch & cade, UsSs local axhaust ventilation with a ainirum capture velocity of 100 ft/min. (JO
'mn.) It the point of monomar evolutlon. Refar to  Industrial Ventilation: A Manual of
ad_Practice published by the Amsrican Conlerence of Governmantal Industrial
quuclltl.

POQTYIE YO SOOI I3 NEwnot sstablizhed; NOY REQ or ¥Rwnat coquired.

Wwﬂﬁmhwws—mw TARKES. OB ACPIAIATYS .|
NA + 20T APRLICANLE uy DAt OF 1V borteskity
20 cwma v 30406823 1 Lelanas l 02/42/1 A

WPOMATI LA LRN0 MUME @ BAMR G0 DaTA CCOBIINUD e ael BARE COMPLT cifour) B) AR AIAITY FQR H1810aA
:‘c\n!ﬁ. PSR, N0 WAALATY € (YXPAIIRD Of MAND KAl WARY O3 tAGMATY cu-.:‘“w q‘:::g;“‘.:"u‘:m santgt
d ALOMATY 12 SA R RPN TG K MYAaE0 HOw T Ml # et mabrdul baw ot 5 Y
1 ;3 ™I, W oaem b W NAE AHEOCUD W Nd UMl O Tet EaftEud
-
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HO, POLY RES MOHN

s
ROH™ AND HARS COMFANY dextm e e
CORPOAATE PRODUCY INTEORITY DEPARTMENT EMERGENCY TELEPHONE i:;‘ﬁ Ek'nt 19Xty -
-NDEPENDENCE MALL WEST 215-532-3002 IROHM AND HAAS OsINSIGNIFICANT
PHILADELPHIA, PA 13108 $1C-424-930C (ICHEMTREC) +eSEE SECTION v jiA<ETY
et MATERIAL SAFETY DATA SHEET  MOT OSHA HAZARDOUS
MATERIAL coot KEY DOT HAZAwD CLASS
IACRYS\L® ASE-95 Thickaning Agent 65381 1905357—9 NONREGULATED
OATE 'SSUED
06/27/85
FORMULA CHEMICAL NAME OR SYNOHYMS
Dot available Aqueous acrylic emulsion
[T —  COMPOSITIONAL INFORMATION]
ASPROX WT % Twart v
CAS REG. NO. R&H OSHA ACGIH
IAcrylic copolymer NONHAZ 19-21 NE HE  NE
[Residual monomers (See Section X) NOT REQ 0.1 wax. HR MR KR
Wat er NONHAZ 79-81 NE NE HE
JIT "~ PHYSICAL PROPERTY INFORMATION]
APPEARANCE - 000R - aM YISCOSITY *
Milky white liquid; mild acrylic odor; pH 2.1-4.0 6000 cps max.
MALTING OR FRILZING POINT BOIING POINT VARQR PRESSURL tmm ko VAPOR DENSITY (A1AsH
0C/32P water 100C/212F water 17 _20C/68% Less than 1, water
FSOL\.‘I\IYV IN WATER PERCINT VOLATILE @Y WHIONTY SPCCIFIC GRAVITY IWATER: 3} IVAPOAATION RATE BUYYL ACETATE:SY
1lutable 7981 water 1.0-1.2 Less than 1, water
[ Il — FIRE AND EXPLOSION HAZARD INFORMAT loi} N
ALALK POINT AUTO IGNITION TEMPERATURE L:thl EXMLOSION LiMtY (W UPPER (XPLOSION LIMIT )
on-combustible l& A

EXTINGRIIEMING MEDIA

*ALCOHN® ony waTiA 1
D roaAM [:] EJ <o, ] l oA D Sranr D OTnen

$MCTAL FIME BIOMTIRG PROCEDUMAS

wonc

WASUAL FIAE AMG §XPLOSION HAZAADS
Material can splattar above 100C/212F. Polymer film can burn.

“V — HEALTH HAZARD INFORMATION]
NONM AND WAAL MECOMMENCED WORL M ACK (XPOSLAL LiMITS

1SHCYE O QVEM XPORRE W

Inhalation: Vapor or mist can cause headache, nausea, and 1oritat:ion of the nose, throat and
lungs.

Skin Contactt Irritating to skis upen repeated or prolonged contact.

leye Contactt Silghtly irritating to eyes.

EMLAQENCY AMD PIRET ALD PMROCEDANS

Inhalation: Nove subject to frash atr.

Physician L€ lrritation parsists. Wash atfoctad skin areas with soap and water.

— e s o
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| ¥~ REACTIVITY INFORMATION |

STABILITY CONDITIONS TO AVOID

[x]srams [Jusrass Temperatures over 177¢/3507.
RAJARGOUS DECOMPOSITION PROBUCTS

.Y
NAZANDOUG POLYSIBRITATION CONDITIONS TO AVOID

D MAY mvnu. NOY KA

Fc%u_anﬁs T AvOIOl

l Imm: l |ow XA ) j
— SPILL OR LEAK PROCEDURE INFORMATIW]

STEPS TO 88 YAXEN IN CAM MATERIAL I§ ACLEASED OR SPILLED

Xesp spectators avay. Floor may ba slippery; use care to avold falling. Dike and contain

spill with inert materizl (e.g., sand, earth). Transfer liquid to containers for recovery or

disposal and so0lid diking material to separate containers for disposal. Xeep spills and

claaning runoffs out of municipal severs and open bodies of water.

WALTE DISPOSAL METHODE
Coagulate the esulsion by the stepwise addition of ferric chloride and lime. Remove tha clear
supernatant liquid and flush to a chemical sawer. Landfill the solids and the contaminated
dik. 1 rd to local, state, and federal requlstions.

~ SPECI PROTECTION ORMATION |

VINTILATION TYRg
Kechanical local exhaust ventilation at point of contaminant releasa.

iiehmow it
MSPIRATORY PROTECTION

None - Mired if good ventilation is maintained. Othervise, wear self-contained breathing
apps “tus (pressure~demand, NSHA/WIOSH-approved or equivalaent).

PROTICTIVE G.OvES V8 PROTRCTION S
Inparvicys Chamical splash gogglos (ANSI Z-87.1 or approved equivalent)
ONER PAOTECTIV TOLIPONT )
1
[ VIII - STORAGE AND HANDLING INFORMATION |
$TORADE THMARATURE Tmoon ‘muo Julmak ) Iouvoooa
or oc/azr

[ PAECAUTICHARY LABELING: KEEP FROM FRESZING~~PRODUCT MAY QOAGULATE.

JiX - YOXICITY TNFORMATION]

fat, aral LO30: >3.0 g/kg

Rabwit, darmal LDSO: >8.0 g¢/%y

Rabolt, skin irrpitation: slightly irritating

Rabbit, eye irritation: inconsequentially lrritating.

[X =" MISCELLANEQUS INFORMATION |

Ewrtg MONCEAr VApOrs can be svelved vhen praduct is heatsd during processing operations. in
such & case, ute Joval sxhaust ventilatica vith a minimus capturs velocity of 100 fr/min. (30
a/cir.) at the point of manomer wvolution. Refer to Industrial Ventilatlont A tanual of
Recomaanded Practice publighed by the Asasican Confarance of Governmantal Industrial
ml“.‘lo

FOUTWOTES YO SYCTION Ii NE=nons established; ¥OT REQ or ¥Renot required.
= TADESARK O] RAKE OR ONE_QF TS SUCSIDIARIES OR APELIATES.

v A
caTt OF 150 oot

|

N H 205331-9 08/21(83 - 047204010
ot SPNAMTIIR CORTANED MAtW 8§ GAMA 08 DATA (UMMM B AN GAA] COWART attsmil 80 MUKIISA AT 108 NREMY
ADOMBANL VPV M Sah W B TYRMIND O WD N MM G NegAADY Qamatt te VEMOLEL welEl OF TR fadtgd
™E AT @ R bala TR Kg REBATE TO W NTANGS JaOm N (ASIED Iy N matbas Qs a1 OF citds At &

il nene. ST AEIOCAHD win Dt wif O DR waTibu
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120 ERIE BOULEVARD
NE Y, N.Y.
SCHENECTAD 12303 NFORMATION DATE  June 1984

SECTION |, MATERIAL IDENTIFICATION

MATERIAL NAME: HYDRAZINE, ANHYDROUS

OTHER DESIGNATIONS: Diamine, CAS #000 302 012, NH_NH
MANUFACTURER: Available from several suppliers, gnc;udlnn:
Olin Chemicals R
120 Long Ridge Road Tel: (203) 356-247)
Stamford, CT 06304

MATERIAL SAFETY DATA SHEET %mg N

CORPORATE RESEARCH & DEVELOPMENT l sg HYDRAZINE, ANHYDROUS

SECTION {l. INGREDIENTS AND HAZARDS % - HAZARD DATA
Hlydrazine T ca 99 | 8-hr TWA g.l Pp® or
0.1 mg/m” (skin)*
SACCIH TLV (1983); listed as an industrial substance ——
suspected of carcinogenic potential for man. Rat, Inhalation
OSRA PEL is | ppm or 1.3 mg/wd. LCgg 570 ppm/i4H
NIOSH (1978) has recommended a ceiling level of 0.03 ppm Mouse, Oral
or 0.04 mg/m3, determined by any TDlo 1951 eg/kg/2Y-L
2-hour sample. Neoplastic Effects
Hydrazine and salts are carcinogenic in mouse and Rabbic, Ski
rat tests. IARC, Vol 4, pp. 127-136 (1974). LDgg 91 me ke
Possible fetal malforasation has also been reported. Mouse, Intraperitonepl
E?5o ég] mz{kg
TELR IR0 ChEc8 PYT L)

SECTION . PHYSICAL DATA

Boiling point, | acm, deg C ~——-—- 113.5 Specific gravity, 25/4 C -wme=== 1.004
Vapor pressure at 20 C, ma Hg ---- 10.4 Melting point, deg C ——wre—mewa- L4,
Vapor densicy (H,0=l) =——-cecem==w- 1.1 Viscosity at 25 C, ¢p ~=-——m—m—ne 0.90
Solubility in wvater ———--cwe--- -- Miscible Molecular weight --cceceecconcne 32.06

Appearance & Odor: Colorless, fuming, hygroscopic liquid vith an ammonia-like, penetra-
ting odor. Threshold odor conc.: 3~4 ppm. Sense of suell can be desensitized rapidly;
not considered to have goud warning properties. Take immediate protective action 1if
odor or irritancy detected.

SECTION IV. FIRE AND EXPLOSION DATA

Flosh Point end Methed Autougrehen Temp.
>100 F (TCC) T U % by volume 4.7
xtingulshing wedla: Water, dry chemical and carbon dioxide can be used on small §

Flooding amts. of water needed to prevent re-ignition (cool surroundings, raise Fl. Pt.)

Fight fires from safe distance and protected location. Use -ater spray to cool fire- ,

exposed containers, to disperse vapors, and to dilute spill. to nonflammahle mixtures.

Vapor 1s highly flammable & & severe explousion hazatd with oxidizers or on hcating.

Firefighters need self-contained respirator, eye protecticn and full protective clothing.

TIton oxlde catslyzes reaction with air at 74F; stainless steel at 313 F; glass at 518 F.
"R cfm gradation ig absevce of air,

Lower Upper

10044

'1 Flommabnlity Limiby 1 A
ires.

SECTION V. REACTIVITY DATA
This reactive chemical {s stable in suitable closed containers at room temperature under
inert atm., in the absence of UV radiation. It does not polymerize and is not shock or

friction sensitive. Hydrazine is reported to Le thermally stable at 250C.
Ic {s & weak base & & highly active reducing agent, especially under basic conditions,

It {s incompatible with oxidizing agents (including air), acids, some metal oxides (Fe,

Cu, Mo for example), and some metals (carbon steel, copper, zinc, 316 St. steel for
.:hpuf; hype::olié wich strong oxidants (for uxuipiepsﬂ'éxldes: KNO;. chrout:sg;
sbestos, dry

spontaneous ignition in air on porous materials (paper, wood, cloth,
t.ﬁthpauble with glass, polxc(hyh-n,c, P1¥e | POTFE, f,!anhiw, chrome plate, sowme

scainless steels, INCONEL, and gome al.uminea siiuvs. fovent contar ination!
gusdsticn products Includs NO_ lowidatived; My, NHy, & by (catalytic).
Covyright | 9Blby Gonerot Hecvx Co

GENERAL I} ELECTRIC

" Best Available Copy
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NO. 1206

LS:C"ONVI. HEALTH HAZARD INFORMATION W 0.1 ppm (skin) (See Sect 11)

razine is polsonous, very toxic by ingestion, inhalation and skin absorption (acute or
ronic). Early systemic effects from :hmnle'uceulw exgosure hcludepunoten(:h.uel ht
or&::okuu & tremors. Overexpogure to vapors can {smediately frritate nose & th oa'k,
oll by 1;eh==s. burning & swvelling of the eyes (possible temporsry blindness 15 ex-
mﬁ seve . possible dermatitis. 80 ppm IDLM s reported. Systemic effects can
o tlt:u:“tro&::l u::en:h:ou‘\whlor:: ::3 szl.\l}ﬂ.'!!tlon. iquid contact can be_corrosive
toxtcl(y:'Lt\‘cl’. bt adiatd bio‘o‘s ?: possible permanent corneal opacity. Systemic
FIRST AlD:
—!!rrﬂ‘f}n—??% Ismediately flush with running water! Continue eye flushing for ar
east mia, Including under eyelids. Remove contaminated clothing under safety shower
Contact physician! Continue flushing with water. Skin burns to be treated like alksli
or thermsal burns.
Inhalaticn: Remove to fresh air. Kestore and/or support breathing. Cont.ct physician!
TYaep varm and at rest. Pulmonary edema may occur from severe exposure.

Ingescion: _r_{?_zu give 2-3 glasses of milk, vater or citrus juice to drink and induce
voalting. peat. Coatact physician!

SECTION ViI. SPILL, LEAK, AND DISPOSAL PROCEDURES

taing system.

FMascitute plan, pr red vith supplier's guidance. Notify safet rson -

uste lll’cuipz :g:lmd clnn-g; penoni'xel who are pro{e:ted Z;ﬁnic ?:tluﬁz:g:lk'éotzn::g:

Use optimum explosion-proof ventilacion. Remove sources of heat or ignition,

EH; dilute spill with vater spray to less than 40X hydrazine to control fire hazard;
ush to provided containment or otgendu contain and collect liquid as may be feasible,

Use sand (not c cible absorbent) to collect small spills and residues, place in

closad containers for disposal. Flush spill area with much vater.

h1SPOSAL: Follow Federal, State, and Local regulations. 21 solas cin be decomposed with

‘l-gpocmorue or 10X RzO;.rT?c Atr Force nhas used sgeclal pobile inclnerators forhydrazing

i

ot its mixtures vith waler (NO, evolution). Open pit burning of alecohol solutions has
b.za reported. Dil. -u§ acid ﬁns been ug:d fgr ne:tnﬁuth:n of aq. h;duzinef
PACCRCRA] MY No. {s UL3

CFR 261).
SECTION VIil. SPECIAL PROTECTION INFORMATION . B

se explosion-proof general and exhaust ventilation to meet TLY (exhaust scrubber may be
needed). Use enclosed processes vhere feasible. Approved self-contained respirator wich
full facepiece can be used in a pressurc-demand mode for non-routine conditions to 30 ppm
or for emergency escape. Hoods should have 150 lfm face velocity.

10SH recommends using a regulated work area, excluding unauthorized perscnnel.

Lse rvious® body-covering protcction (rubber ploves, apren, boors, full suit, cce.) as
condlirions require to prevent skin contact. Use rhemical safety puggles and faceshield
to protect eyes. Contaminated impervicus prutection to be thorcouphly wa-hed off with

1s used for hydrazine contaminated items. Destruction of contaminated leather has heen

nded.
ty::sh zou:uhu. washing facilitles and safety showers to be readilv available where
hydrazine is used or handled or stored. *8ucyl rubber has been recommended.
SECTION I1X. SPECIAL PRECAUTIONS AND COMMENTS .

tore 0 tig tliy ? osed contalners i a clean, COOL, we -vent ate area wit contro
drainage, avay from oxidizing agents, actds, direct sunlight, & royrces of heat or
ignition. Water sprinkler-protected, sheltered, outside or detached storage preferred.
Protect containers from physical damage; ground & dbond for transfers to prevent static
sparks; inert with nitrogen atmosphere. Preven actdon of hydrazioe. Concrete
pads, dikes, drains and containment have been recommended for large tanks and drums.
Avoid ‘reuhing & contact with vapors! Prevent ltauld contne ¢ with eyes, skin or clothiop!
Do not ingest! Practice good personal hxfﬂc:\e. ash well .frer handling. Observe label
rccl;ntlom. l(gldl!‘ !utl gv proper handling requirements. Obtain guidance from supplier.
se wit roper ventilation.
oY el it ation: FLAMMABLE LIQUID 1.D. No. UN2029 Label: FLASABLE LIQUID, FOISON,

[M0 Class: 3.3
DATA SOURCE(S) COOE: 1-12,14,16,19, 20,23,25,26,31,37,38,42,47-49,52

e 00 ® O Ay P St bt 4 G ¢ P B9 asieveer iy ou APPROVALS: MIS/CRD l- H\JW
Samee s ooty v e eeatie 15 oo berm A = 00 - ey 0
:—-wv-‘::-—---—‘-vd-‘&—-—wu—n‘ . ow INDUST. HYGIENE, SAFETY 9’6'/ 7%

water before & during removal. Contaminated clothing & equipnent are fite & healch hazardl
Wear c}c A work cIotﬁ!ng. Shower afrer work. Control laundering and cleaning procedure th

e et o = e 2 MEDICAL REVIEW: {5 June 1984
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CHERIX Data

(C} 193%, 1936 by Van Nostrand Reinhold Company, Inc. *11 rights reserved.
CHEMTSY RECCRD 220% LAST UPDAYTE CF Yu1S ReCOS0: 02719788
NARE: C et TDINTTRYLRYORATINE

SYNDHRYNS PIMAT L, 1, I-DINcTHYLHYURAZIN (Seraan);

dsys - .C OIMETHYLHYDRATINE; **.N-DIMETHYUNYDRAZINE;
unsye-. TMET- YLHYDRAZINE; 1,1~ INEJMYULAYDRATINE;
UNSYMME J; ICAL «DOT : DMH; UDMN; “NSYNAETRICAL
HYDRAZINE, 1, 1-0IMETHYL=; §,1-DirETUYL HiLiailNE

CAS: Sr-14-7 KTECS: HY24500.00)
FORMULA: 2HAN2 MOL WT: 60,12
CHEMITAL CLASS:

CHYSICAL BISCRIPTON: CGLBRLESS WATERY LIQUID WITH A FISHY OF

JJILING SOINT: 242,048 3 4§.§8 T cos F
MELTING POINT:  2:5.93 :7 5 &< ST
FLASH Z0INT: I%¢ w -15.2 C 3. F
VAPOX SRESSURE: 157 am €25 C

AUTS IGHITION: TS5 ¥ -18.2 - F
vEL: 9% . LEL: -4

QLI2ATIGK FOTSNTIAL  (eV): Tlis
VASTR CEMSIVY: I.vl air=|
COETICIC aravlTY: 0. 791 20C

DENSITYV: ¢.782

WATEZ SOLU&iLETY: M{SCIHLE

INCONPATEBILITIES: OXIGIIERS, uaLOG‘&S HETALLIC HERCURY, FUHING NITRIC
HYDROGEN FPEROXID

NEACTIVITY ¥ITH WATER: PYRCGENIC WHEN MIIED %[TH B0 Source: THIC
SERCTIVITY WITH COMMOY MATERIRLS: DISSOLVES, SWELL“, AND DISIMIEGRATES

PLASTICS
STARILITY DURING TSANSFGRI: Ne Data
KEUTSALIZiING AGENTS: SLUSH CITH WATER.
COLYMIRIIAVION FOSSigItITIES. No data

TOXLC FIRE GASES: KOOI
Q000K DETECTED ATl (ppar: &-14¢
0008 DESCRIPTION: SHARF ANMONLIACAL, FITHY Source: CHMRIS N

190 X OUOKk DETECTION: No data

JUT HAIAKRD Ci.ASS: Flarmaadle Yiquid

207 Suioe: 22

JUT 12 NUNSER- UN1133

VDT SHISEING NA=E: DIMETHYLNYDRAIINE, UNSYRHEINICA!
SICC LUMPER: d9uh2in

EPA WAKTE NUMUEFR: UO9N

CERCLA REF: 1 4
®0 DE:!GNATION: 1 I peund (0,358 tg)
CLEAL AlR ACT: ]
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NFPA CODES:
HEALTH HAZARD (BLUE): 3
FLANNABILITY (RED) : 3
REACTIVITY CYELLOW) : |

TARGET ORGANS: CNS, LIVER, GI, BLOOD, RESP SYS, £YES, SK!&
SYNPTONS BREATHING OF VAPOR CAUSES PUI MONRRY IRRITATION,
GASTROINTEST NAL (KRIVATION, TREMORS & COWVULS..NE:
NITH SKIN AR RUCOUS MEMGRANFS CAUSES CHEMICAL BUPw |
BE ABSORBED THROUGH SKIN T0 CAUSE SYSTEMIC
& CONVULSIONS. IRRITATION OF EYES, PYSERER, NPLT - .
CARDIOVASCULAR COLLAPSZ. Sourre: T.nf

SYMPTOMS (CHi1S):

CONC IOLH: S PP

PERMISSIBLE EXPOSUKE (DSHAY: 0.5 ppe SKIN

SARCIN0GENY: Y STATUS: ANIMAL POSITIVE
REFERENLES:

ANINAL POSITIVE IARCes 4,132,74 i

SUSAMN TOUICITY DATA: (Sousce: IOSH KRTECS)

LOSG  tagstgl:  102: 282w SPECIES: 1PR «AT: QRAL MOUSE (T10L9)

FRCTECTION SUGGESTED:

CHXIS HANUAL:
RUBBER GLOVES, BO0TS, APRON; PLASTIC FACE SHIELD; GAS MRS UITH AANONIA .
CAMISTER PROTECTS FOR I0 MIN. AGAINST 12X COMCENTRATION.FOR LOKLGER PESINDS

HIGHER CONCENTRATIONS, USE SELF-CONTRINED BREATHING APPARATUS.

N{OSH POCKET GUIDE TO CHEMICAL HATARDS

er KEXS APFROPRIATE EQUIPHEET 10 PREVINI:
Aay passability of skin contict.

e WEAK EYE FROTECYION TC PREVENT:
Any passibility »f eve Zortact.

o EXPOSED PERSONNEL SHOULD “ASH:
lasediately when skin becomes contsminated.

ve KOR), CLOTHING SHOULD UE CHMANGED DAaltv:
“ALL.OUT" LINE 350, {&1o) Vartable hae not been assignec 5 .alue,

[

¢+ REMCVE CLOTHING:
{asediately resove

‘556355t I\edéﬁk!t»
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sany clothing that becnaes wet to avoid any flamaabitaity harard.
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FLIEEN 2N PO ) o 3t
Sy Arciahic IR R —
SEES S (2334932
Rt 1
r

¢e THE FOLLOWING EQUIPMENT SHOULD BE NADE AVAILABLE:
£Y¢'ath.quict drench.

¢9 REFERENCE: NIOSH

RECONMENDED RESPIRATION PROTECTION Source: NIOSH POCKET GUIDE (85-114) LCT= 48
NIOSH (1, 1-DIMETHYLHYDRAZINE)

Greater at any detectable concentration. : /Any selé-contained breathing
with full facepiece and operated in a pressure-deeand or other positive
sode./Any self-contained breathing apparatus with full facepiece and

in 2 pressure-desind or other positive pressure asode./Any supolied-air
w1t 3 full raceprece a:d SSerated in Sressure-secand or other DC3itive
acde 1r cocdination with an suxiliary se'i-contdined breatiniag anparazus
10 pressure-desand or other cositive pressure mode. fAny suppl:ed-air
<it® o fu!] facepiece snd ocerated :a srecsuse-ceaans or otner sos1tive
%33¢ in Z2&31nation wilh &n ciiiliary self-contained treatninc apparatus
In pressure-Jeednd or othes positive prassu-e mode.

ESTAFE: 7Ray sir-purifying suil iscepiece resprrateor frae acsl) with «
er irzat- gr back-aounied canister providing protecticn scatned ihe

Cr CIntern. JAnv sir-purifeing fuil tecepiecze respiratcr idas mask) with
chin-ztvle o0- iront- or bezv-oountec cantrcter provid:ne srotaction

Lhe 2CSPounS CGF CCRCera. Fmny apDropr:ate €ziape-tvpe za1i-cantar: er

XY
40pardtlus. /ANy apprOpridle cicape-iyp2 self-Iontdaiaes sroet . g

FIRST AlD (NI1OSH):

¥ {H

FLOGD MITM SATER AND TRERT &5 ALZalIRE BUFN,

srie:

FLOOD Wilh HATER AND TREAT AS ALNALIKS EURN,

INHALATION:

REMDVE VICTIN 7F2I8 CONTARIMATED AREA, GIVE ARTIFICIAL SESFirnTiON &
F o NEELEd; NATTH FOR SIONS OF FULMNONART EDEMA; EMFORCS ARSOLINE RIST.

INGESTiON:

SO NGT INDUCE VvOHITING; wOSE:DTALIIE,

rS Depsrteant 2+ Trancportaticn Suide Lo Mazardous Matertals fransper?

rmivrzelinn - Yallbicaticn 0T $30¢, 3
ey

D07 AmifEiaG NanS: QIRACTUYLMYDRATIND, s e MHSTNICAL

E{EENT AL NSRS POT SGias Suehin Ty

CHEAL TH KAIRSOS
IR ERD

Mav Lo tatas if anunaleo, swallowed e abasorbed "hecuoh shio,

COntes!l ey causc burne to <hin end cyee,

funoti drom $i1re control or Ciluliran water a3y teuse poilutian,

'V.l'\ubl'\; L EIC o r‘;(ﬂ
gl Yequl e raproducti

~

pormﬁ fulky

Best Available Copy
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oF IRE OX EXIPLOSION .
Hill burn. May be ignited by heat, sparks and flases.

Flasaable vapor eay spread away from spill.

Centainer aay explode in heat of fire.

Vapor explosion ané poison hazard indocrs, outdoors, or in sewers.
Runcif to sewer aay create fire or explosion hazard.

¢EMERGENCY ACTIONs

Keep unnecessary people away; isolate hazard area an¢ deny entry.
Stay upwind; keep out of low areas.
Uear positive pressure trzathing apparatus and special protective clothing.
Isolate for 172 sile in all directions if tank or tankcar is involved in
fire.
FOR ENERGENCY ASSISTANCE CALL CHEMTREC {@0C) 424-9300.

Alsc, in case of wmater pollution, call locei authorities.

¢FIRE
Ssal! Fires: Ory chesical, C02, water spray ar ioae.

Large Fires: Water spray, foq or foae.

Hove coatainer frce fire area if you can do it without risk.

Stay away froe ends of tanks.

Liy: CORLAINErS THIL Are €XBLSEd 1O ridues wilh water frue e s120 vatyl

well after fire is out. . N
Sithéraw ismediately in case of rising sound from venting safety device or

g1szo0toration of tank.

oSPILL GR LEAK
No flares, saoking or flaees in hazard area.

93 not touch spilled eaterial.
Stop leak if you can do it without risk.

Use water spray to reduce vapors.
Sasl] Spills: Take up wilh sanéd, or ather ncncosbustidle Jbsurbent

saterial, then flush area with water.
varge Spills: Dike far ahead of spil) for later disposai.

«FIRST A'D
Move victia to fresh air; call esergency aedical care.

1f not dreathing, give artificial respiraticn.

i wreathing 13 difficult, give oxygen,

Seni e and a1sclate contaminated cloihing and choes. .

in cate 3§ contact with saterial, issedistely tiush <Fian or eyes wiln
runn:ag water ior at least 15 einutes.

Le8; victiz guitet and aaintain ncreal body teeperature.,

€iivcts rav do z2layed, kew) victis under observation. . o

[EICH fue ¢ata shown above on this cheaicai repre ants a Sest effort an
.pdr: oi the cospliers of the CHENTOY database to chtain useful, accurate.
vaciual cats. Tne use of these data shall bde :in accordante with the
Suidelines anc liertitions of the user's CHEMTOX lizcoace aoreeacnt.

H TN ICERS of the THEMTOX datzbace shall not oe neld liable fur inazcuracices
Sr oardtions withie thas datibase, o7 in any of 1ty grainted or =: -iiyed ovutpul
i

cres,

(2]

Copy avuala
permit fully togib
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MATERIAL SAFETY DATA SHEET Mpsr S8
GENIUM PUBLISHING CORPORATION @p METHYL HYDRAZINE

1145 CATALYN ST., SCHENECTADY, NY 12303 USA (518) 377-8854 S ——.
. Issued: August, 198§
From Oealum's MSDS Collectios, 10 be usexd at & reference. eviod:

SECTION 1. MATERIAL IDENTIFICATION . -

MATERIAL NAMR: Msthyl Hydrazine
OTHER DESIGNATIONS: Hydrazine, Methyl-; tiydrazomethane; I-Methylhydrazine; Mono Methylhydrazine; NMH;
CH6N » CAS ¥60-34-4.
MANUPACTURER: Avaliable gm- many suppliers, including: Aldrich Chemical Company
P.0. Box 355
Milwaukee, WI 53201
(414) 273-3850

SECTION 2. INGREDIENTS AND HAZARDS ' % HAZARD DATA

METHYL HYDRAZINE 98 8 HR TWA Ceiling:
0.2 ppa, 0.35 ag/m’
(Skimyt ... e e

Rat, oral:

* Current ACGIH TLV (1985-86) and OSHA PEL. 1 JooZoi.cooidilea oLl e
Skin designation indicates that Methyl Hydrazine s absorbed through Rat, Inhalation:
the skin. LCS0: 74 ppm/8Hr |
Rat, Skin: . )
L0S0: 183 mg/xg ... 5
Rat, lor:
L053: 24 mp/kg

SECTION 3. PHYSICAL DATA

Boiling point, | atm .......... 190.04%F (87.8C) S; ecific gravity, 20/4°C ... 0.874

Vapor pressure ¢ 25°C, mag ... 49.6 Volatiles, Voo .l 100

Yapor density {Airel) ....... o 16 Evaperation rate ...l Noty %no\m o

Solubility {n water ... ..0l.n Slightly soluble Melting pant Lol 5.62°7 (-20.9°QY
Molecatar weight ..., ..., 6.1

APPEARANCE & ODOR: Colorless, Hygroscopiv liquid with an ammonta-liie odar.

SECTION 4. FIRE AND EXPLOSION DATA Lower | Upper
Fas Point it Methed ) Autograten Yemp Flusmabal. s Lonsts v Aie
20%F (21.1%)  €.0.C|384.8F et A Valuee 18 e

FXTIMQUTSHING MEDIA: Carbon diaxide, dry 'emicai, alo?al ov pe.vaer foalm. < se wate: spray te cool tand,
centainer. Do not use & sclid strcam of warer since the stream will scatter asd spread the fiye.

T™is flammadle liquid i3 o dengerous fire hezsrd when exposed to heat or (lame. It i3 fleamable over & uide
vange of vapor alr concentration. Its vapots are hesvier thin alr and may travel a considerable distance to
the source of fgnition and flashback. Methyl Mydrarine may ignite spontaneously ia alr when in contact with
porous materials such as esrth, asbestoa, wood or « loth sad with osidants such as hydrogen peroxide or
nitric acld. ¥hen containers of this material are exjioaed to heat ar fire, the contajncts may violeatly
Tupture. ¥iretighters should wear self-contained breathing apparatus and {ull protective clothing.

SECTION 5. REACTIVITY DATA

Meehyl Rydrasine i3 2table in clesed contalnert at roon temperature under noveal storage and handling
ceaditions.  lt does aot undergo hasatdous poiyverizativa.,  Thii eaterial i3 incoepatidiec vith oxtdizing
asterials. Coatact vith dicvanofuratan, or 1ts N-oalde {(dlcyan furcran) s tratantantousiy esplosive. 1L say
explode In contact with merallic oxidea.  Exposute in aiv on @ large surface a3y rerult in spantanoos s
igaltlion.

Theraal decomposition or burtting may produce toric fuses ol nitrogen ceides.

Carvags © o o dom, imban Pbdeting Curpe ot GENIUM PUBLISEING
Anp emmnaniel e aliteng pibANars el poraiuies & prabibhed.
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MSDS # G552, jasued ._.nm METHYL HYDRAZINE
SECTION 6. HEALTH HAZARD INFORMATION 1 TLY 6.2 oo (see Sectiin 2)

Methyl hydrazine is a poisonous compound which is readily ebsorbed from the lungs, gastrointestinal tract

jnd skin. Systeaic effects of exposure to methyl hydrazine incude convulsions and tremors, blood disorders and
death. Vapors or mists of methyl hydrazine are irritating to the eyes, mucous mesbranes, and upper respirae
tory tract, snd may cause respirstory distress and systemic effects. The liquid is irritating and corrosive
ko the skin and eyes and may be readily sbsorbed through the skin in toxic amounts. Chronic exposures to
thyl hydrszine may csuse kidney and liver damage. This material is a suspected carcinogen.

IRST AID: EYE CONTACT: Promptly flush eyes, including under eyelids, with running water for at least 15
jinutes. Get medical attention (Inplant, Paramedic, Comaunity). SKIN CONTACT: Flush exposed area with water
khile removing contaminated clothing. Get medical attention (Inplant, paramedic, community). INHALATION:
Rerove to fresh air. Restore and/or suppert breathing es needed. Notify medical personnel. INGESTION: Give
victin water or milk as quickly as possible. Call a physicisn or Poison Controi Center. Do not imduce
vomiting! Transport to & wodical facility. Never give anything by mouth to 2 person who is unconscious or is
having convulsions.

SECTION 7. SPILL, LEAK AND DISPOSAL PROCEDURES

hotify safety personnel of spills or leaks. Evacuste all non-essential persvnnel from the area, Remove all
ﬁp\itton sources. Provide maximum explosion-proof ventilation. When performing clean-up, wear suitable
Sraisctive clothing and squipment (see Section 8). Absorb small 3pills on sand or vermiculite and place in
rlosed containers for disposal. Dike large spills and collect for reclamation or disposal. After bulk
paterial is removed, wash the spill site and completely ventilate the area. Do not discharge to sewer, water
Bheds or waterwsys. tse non-sparking tools.

PISPOSAL: Place in suitadle container for Jisposal by licensed contraciurs or burn in an approved incinerator
equipped with an after burner and scrubber. Follow all Federal, State and lical regulations.

Ef'A HAZARDOUS NASTE NO. POb8 (EP Toxicity 140 CFR 261).
SECTION 8. SPECIAL PROTECTION INFORMATION

N _—y

Provide general and local exhsust ventilation (eiplozion-proof) to meet TLY requirement. tiandling in 2
Fhemical fume hood is preferred. For emergency or non-toutine expusures where the TLV way be exceeded, wear a
NIOSK-approvad rospirator. All electrical service in use or storage areas should have an esplosion-proof
jlesign.

Avoid any comtact with this material. Full protective clothing snd equipment including spiash goggles, face
khield, impervicus gloves, apron, hoots, impervious shirt and trousers, hard hat with brim, and respirator
prould be availsdble and vomn as appropriate. Remove contaminated clothing imaediately and do not woar until
ft has heen properly laundsred.

Eyewash statisna and safety showers should be resdilv available vheore this materis) i3 handied or stored.

foauu leases pose s spacisl haxard; soft lenses say absorb and all lensen concentrate irritants.

SECTION 9. SPECIAL PRECAUTIONS AND COMMENTS

Store in tightly closed contsiners in u cool, dry, vell ventilated area svey (rom oxidants, metallic oxides
dicyanofuragzan, dlcysnofurotan heat sources, sparks, und open flumes. Protect containers from phystcal damage.
Avoid storege an wooden fleors. Mothyl hrdrazine Is sir-zensitive and Myfroscoplc; protect from moisture
and haadle end store undet aitrogen.

Do not Sreathe vapors or mist. Avoid contact with akin, eres, snd clothing. Use only with adoquate vents.
letton, preferadly in & chexmical fuse hood. Wash thoroughly sfter handling and do not ssoke {n use or
hendling aveas.

HOTE:  Rethkyl Nydrsiine ls polrenous, cerroshve, snd postibly cercinogenlc; Mandle with wxtreos carel’

[Tl (,ussmmwu Flamaable liquid, pelron, UNI244

DATA SOURCE CODE (3o Gy} 1, 1, 4-9, 18, 2%, &8, 49, 80, 83, 75, 78 A,

APFROVALS NO Nuous AT
Selgensy e by o bhermmive el ’-u—\n'—na-uuua—--
_— o e e e e o o aare b ot INDUST, HYGIENEZSAFIAY @}),) 15
an:--u.—uu-mdnu—l-bw-nau-\-nm 0 >
MEDICAL RIVIEW: ¢ 5{_) Dec 8=
104 38IM GENIUM PUBLISHING Copveight & aueuse 3, 100y
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CHEMTOX DaTA
(C) 19835, 1986 by Van Nostrand Reinhold Cospany, Inc. All rights reserved.

CHEHTOX RECORD 2255 LAST JPDATE OF THIS RECORD: (¢2/19/80

NAME: HONONMETHYL HYDRAZINE

SYMONYHS HYDRAZINE, METHYU-; HETHYL HYDRAZINE; NETHYUHYDRAZINE;
{~HETHYLHYDRAZINE; HMETHYLHVDRAIINE (DOT); M#H

CAS: 50-34~4 KRTECS: HVY3660000
FORMULA: CHONZ HOL WT: 45.09
CHENICAL CLASS:

PHYSICAL DESCRIPTION: COLORLESS LIQUID MITS AN A“HONIA LIVE ©0CK
ROILING POINT: 38Q.95 K 9r.¢ ¢ AU
MELTING POINT: 220,93 X -52.0 ¢ -

FLASH POINT: M35 K Te € 158% ¢
VAPOR PRESSURE: 49.6 ma & 25

AUTO (GNITION: 489.1S K 198 T35, F
UEL: 58 % LEL: 2.5 %

TONTIATION POTENTIAL  lev): 87

VAPOR DENSTITY: 1.39 aic=i

SOECIFIC GRAVITY: w©. 813 reg

DENSITY: 0,878 gice cr d.1089% tb/gal

NATIR SOLURILITY: 30l

INCINPRTERBILITIES: CHigEs OF &2, Lo:7ie, SANGAWESE, Ltan,
SORGUS HATERIALS, ©aniM, aubE . 1DS, Lu0r,
AYCROGEN #ERNOLINF NFINE .t

REACYIVITY MiTH WATEQ: No detas on water rosgtinity
REACTIVITY RITH COHMON ARTERIALS: SEACS SUENLY HIYH ik, oui dbai Ned
IGNITION ©F RAoS, %UST, DR OfHEL

STARILITY SURING TRANSPORT: No Data
REUTRALI2ING AGENTS: FLUSH Wit Jatix,
POLYMERIIATEON POSSIGILIEIES: ho ata

1Q1{C F{RE QASES:

QOGR DEYECTED AT fppad:  1-7

003X QESCAIPIION: LIVE AMAMGHER Sul cer Tndl4
Q0 T 000R OETECTION: Ko dats

BT HAIARD CLASS:  rlgsaadie fiaur?

AT Luide: e

0Aal {0 NUHMREK: Ui 2ed

GOD1 SHIPPING RAXE: MONOME THvL ¥l 80 ix|
SICC NUMDER: L5ual

£Pa wASTL NURBER:  *oad

CUATLA RED - L4

R DISIGRATTON: & tu pounds 33.%0 agt
CLERN alk aCt:
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NFPA CODES:
NEALTH HAZARD (BLUE): 3
FLAMRABILITY (RED} : 3
REACTIVITY (YELLOW) : ¢

TRRBET ORBANS: CNS, RESPIRATQRY SYSTVEM, LIVER, BLOOD, CARDIOVASCULAR SYSTEN, EYES
SYNPTONS 3 TREMORS AND CONVULSIONS FOLLOW ABSORPTION BY ANY

COKTANY OF LIQUID WITH EYES OR SKIN CAUSES IRRITVATION,

AND SYSTENIC EFFECYS. INHALATION CAUSES LGCAL

OF RESPIRATORY TRACT, RESPIRAVORY DISTRESS, BURNS.

CAUSES HENOLYTIC Source: CSOS

SYNPTONS (CHRIS):
CONC 1OLM: S PPN
PERNISSIBLE EXPOSURE (OSHAY: 0.7 ppe SKIN ~ CEILING VALUE
CAKC INOGENR™: Y  STATUS: HUNAN POSITIVE
REFERENCES:

NUMAM TQUICTTY OATAR: (Source: NIOSH KIECS!

L0SC  tmgikg): 33 SPECIES: ori-rat

PROTECTION SUGGESTED:

CHRIS NANUAL:

CRGANIC CANSITER MASK OR SELF-COXTAIMED RREATHIAG APeAR.TUS; GOGGLES OR
SMIZLD; RUSRER GLOVES; PROTECTIVE LLOINING

Ni10SKR POCKET SULDE TC CHEMICAL MAIAHDS

e. WEAR APPSU RIATE EQUIPRENT TO PRyviNT:
Aay posstbilaly of suin zoatag!.

NEAR EYE PROTSCTIION T0 BREVINY
dny possrdality of eye coatact.

ae THFOSSD FEASONNEL SHOULD MRSA:
{anediately whea skin becoeey contietnated.

er RENMGIE CLOTHING:
josediately reeove any Clothing that decoaes wel L0 avord any tlaemabtlaty razae

eo FHE FOLLOWING EQUIPHENT SHOULY &1 AADTD AVAILARLE:
Eyewddd Qquicl dread.

o0 NEPCRENCS - NIOQSH
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RECOHKENDED RESPIRATION PROTECTION Sonrce: WIGSH POCKEY GUIDE (SS5-114) LLT= 41

NIOSH (HONOHETHYL HYDRA(INE)

Greater at sny detectable conceatration. : /Apy selé-contained breathing
with full facepiece and operated tn 2 pressure-demand or other positive
asode./Rny self~contained brzathing apparatus with fuli facepiece and

in 2 pressure-demind or other positive pressure aode./Any supplied-air
with 3 fuli facepiece and sperated in p. -ssurp-demand or othar positive
sode in coabination with an auxiliary self-contained breathing apparatus
in pressure-desand or ather positive pressure mode./Any supplied-air
with a full faceprece and operated in pressure~demand or other positive
asde in combination with an aux:liary self-contained breathing apparatus
in pressure-demand or other positive pressure mode.

ESCAPE:- /Any appropriate escape-type self-contaiwed breathing
appropriste ascape-type self-contained breathing apparatus.

FIRST AID (NIOSH):
EYE:
FLUSH FOR AT LEAST IS NIN. WITH LARGE DUANTITIES OF WATER.

SKIN:
IMHEQIATELY WASH HITH LARGE QUARTITIES OF WATER AND TREAT AS :O0R ALKALI

IMKALATION: .
NCVE VICTIN TO FRESH AIR AND XEEP QULIEY; SIVE ARTIFICIAL RESPIRATION IF

SYOPS.

INGESTION:

€IVE EG6 WHITES OR OTHER EMOLLIENT, FOLLOWFD BY $Y SALT SOLUTION OR OiilER
EMETIC, KEEP PATIENT AS QUILT AS POSSIRLE, TO CONTROL CONVULSIONS,
WARBITUATES KAY BE .DMINISTERED PARENTERLLY BY PHYSICIAN WITH DUE REGARD
QEPRESSION OF RESPIRATION,

US Departeent of Transportation Guide to Havardous Materials Transport
[aforeation - Publication DAT $30u, 3
DOT SHIPPING NANE: HNONOHEYHYL HYDRAZINE

POTENTIAL HAZARDS DOT GUIDE NUMRER 28

¢REALTH HALARDS
Poison,
Hay be fatdl 1f 1nhaled, swallowed o abasorbed throuah skin.
Contact may cause burns to skrn dnd eyes,
Runoft froa fire control or dilution water may cause pollution,
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¢FIRE OR EXPLOSION
¥ill burn., MNay be ignited by heat, sparks and ilames.
Flammable vapor say spread away froe spill,
Container may explode in heat of fire,
Vapor explosion and poison hazard indoors, outdoors, or in sewers.
Runoff to sewer may create fire or explusion hazard.

SENERGENCY ACTIUNe

Keep unnecessary people away; isolate hazard area and deny entry.
Stay upwird; keep out of low aress.
ear positive pressure breathing apparatus and special protective clotning.
[solate for 1/2 aile in all directions 1f tank or tankcar is involved in
fire,
FOR EHERGENCY ASSISTANCE CALL CHEMTREC {(800) 424-9300,

Also, in case of water pollution, call local authorities.

*FIRE
Seall Fires: Dry cheajcal, CO2, water spray or foas.
Large Fires: Water spray, fog or foas.
Hove container from fire area it you can do it without risk,
Stay awaey fros eads of tanks,
Cool containers that are exposed to fiames with water fron the side until
well after fire is out,
Kithdrow immediately in case of rising sound irpa venting safety device or
discoloratiaon of tank.

+SPILL OR LEAK
No flares, saoking or flames 1n hazard area.
0o not touch soilled aaterial,
Use water spray to reduce vapors.
Saall Spillss Take up with sand, or other noncosbustible absorbent
aaterial, then flush area with water.
Large Spills: Dike far ahead of spill for later disposal.

oF {RST AID
Hove victim to fresh dir; call mmergency sedical care.:

1# aot breathing, qive artificiel respiration.

1+ breathing is difficult, give oxygen,

Reaove and isolate contaminated clothing and shoes.

In case of contact with saterial, iwsediately ftush skin or eyes with
running water for 3t least 13 minutes,

Xeep victie quiet and maintain norsal body tesperature.

Cétects may be delayed, keep victia under observation,

DISCLAKER: The data shown above on this chesical represents « best ctiort on
the part of the cospliers of the CHUATOX databdase to odtatn useful, dccurate,
snd factual data. The use of these data shall be 1n accordance with the
quidelines and Limitations of the user’s CHENTOX license agreement.

The CONPILERS of the CHERTOX database shail not be held liable for inacturacies
or patssions within this database, or 1n Jday ot 1ts priated or displaved cutsut

toras.

75




. NO. 47
MATERIAL SAFETY DATA sHEeT SRS | ——
CORPORATE RESEARCH & DEVELOPMENT %’l & | nrtRocen vioxioe

SCHENECTADY, N. Y. 12305 b &
Phone: (518) 385-4085 DIAL COM¥ 8%235-4085 INFORMATION

bDate December 1978

SECTION [. MATERIAL IDENTVIFICATION Reviewed: September 1979

MATERIAL NAME: NITROGEN DIOXIDE
DESCRIPTION: This materfal is an equilibrium mixture of NOp and its dimer *,04. It is
supplied commercially as a liquid under its own vapor pressuve in steel cylinders.
OTHER DESIGNATIONS: Dinitrugen Tetroxide, Nitrogen Tetroxide, Nitrogen Peroxide,
CAS # 010 102 440

MANUFACTURER: Material is available from several supplicrs, includiny Scientific Gas
froducts, Inc., and Matheson.

SECTION Il. INGREDIENTS AND HAZARD> x 1HAZARD DATA
Nitrogen Peroxide 2995 T8-he TWA 3 ppm*
Equilidbrium Composition, 1 Atm STEL S5 ppm
. a7 C 3¢ 100 c
N0; (red-brown) 202 14} 90y, Human, Inhalation
R;0, (col~rless) 80; 702 107
TCLo A4 ppm (pulmonad
Gas diluteu below 100 ppw in air at 25 C is essentially T
all in the N2, form, Rat, inhalation
LCso 88 ppm/é hrs

*ACGIR (1979 Intended Changes List). Current OSHA TLV 1s —~ e
5 ppm or 9 mg/m3. NIOSR (1976) recommended a ceiling Mankey, inhalation

level of 1 ppm (15 minute sample). J! LCLo 44ppm/6 hrs.

SECTION IIl. PHYSICAL DATA
Boiling point at 1 atm, deg C --==—- 21.15 Speclific gravity, 20/46C ~-=-- 1.4%
Vapor pressure at 20 C, mm Hg ------ 720 Molecular weight ===w--r=-=-- 46 ord9?
Vapor density (AMr=1), 70 F, 1 stm -~ 2.8 Melting poin:, deg C --=-=---= -9.1
Water solubility --- Reacts to form n:ttic

and nitrous acids at 25 C

Appearance & Odor: A yellow=browa, fuming liquid tbelow 21 C) ur . reddish-brown pas

with a pungent acrid odor at about 10-20 ppm. At -12 C this material {s a volorless

solid (essentially all Np04).

SECTION 1V. FIRE AND EXPLOSION DATA L OWER | UPPER
Flash Point and Nethod Autoignition Temp. | Flammability Limits In Air
N/A N/A N/A

This material will not burn; however iv is a very strong oxidizicg agent which is ahle to
cause fire on contact with flammable or combustible materials. For example, {t could
.

cause clothing to catch fire on contact.
Water should be used to cool fire-expgnsed cylinders (which could explode from pressute

when heated), and a water spray may be used to direct escapiug gas away from those
attempcing a shut-off of Nog lYow.y plug & Y

Firefighters require full protective clothing and self-contained breathing apparatus.

SECTION V. REACTIVITY DATA

This 1s a stable material at roon temperatuce in a clowed cylinder.

it is a ver{ strong oxitdizing agent. Contact with combustibles can cavse fire or ex-
loston: If a material burns in afr, $c will hara 1n NO; but ft might also explode.
ixtlures with ammonia, acetic anhydride, aluohols, toluene, propylene, etec have pro-
duced violet explosions. Explosives can be prepared by mixing N0y with carbon disulfidd
or with nitrohenzene. 1t forms crplosive mixtures with incompletely halogenated hydro-
carbons. Reactive with reduct. ¢ agents and .tronger oxidizlng anentr.

.« must be handled with compatibie materials and equipment. It is not corrosive to mild
steel vhen dry, but will require a nitric acid resistant stainless steel when wet.
Aluminum, nickel, Pyrex. iciflon, ami asbestos are vsmong the compat thie materials.

GENERALED ELECTRIC  copragmurcersarGenet i Company
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ot No. 47

SECTION V1. HEALTH 'HAZARD INFORMATION i TLV 3 ppa (See Sect, LI)

Inhalatioo °fssoi caunesuiung damage vit? :everity dependeat on the time and the level o
axposure. rious results may not be felt until hours or dayg after exposure, eve
though heavy aiiigg R&& occurred. Exposulé a: I0U ppm IOT even ~ shott E;-e is daxger-
ous and to over 200 ppm can be fatal even vhen treated. The discomfort or slight pain

occurring at exposure may be {gnorsu, but the cyanosis and pulmonary edema resulting
from d lung tissue becomes disabling and can be fatal, especislly if not promptly
trsated alter exposure. Chronic exposure at S-50 ppa can produce a slowly evolving

pulmonary edems with respiratory tract irritation, cough, headache, weakness, and cor~
rosion of the teeth. Contact with vapors is irritating to the eyes, nose, throat and
vet skin; contact with liguid is covrosive. FIRST AID:

Eye Contact: Iammediately E?uﬂh with plenty of running Ware¥, including under eyelids,
Tor st Least 15 minutes; then contact physician promptly. (Ophthalmologist {if possibld.)

Skin Contact: Remove contaminated clothing under the safety shower. Wash affected areag
of skin with running wvater and scap and water for 15 minutes. GCet medical help.

Inhalation: Redove exposed person to fresh air at once. Instruct to breathe rapidly and

aply for a few breaths to flush out lungs. Keep warm and at rest. Have qualified

parson administer oxygen. Contact physician 1wmedinte1y! _—

SECTION VII. SPILL, LEAK, AND DISPOSAL PROCEDURES

-
Notif{ {:f.ty personnel when leaks are detected or suspected, Provide maximum exhaust
ventilatioh. Discontinue operations; exclude from site all except those involved in
[ cen-ug who are properly protected (see Sect. VIII). N, measuring devices, moist
blue litmus paper or starch-icdide papercon be used to 108&te small leaks. the red-
brovu color of NOj; will make large geaks evident. Stop source of NO7. Isolate and
temove any leaking cvlinder. Place in hood or in safc outdoor area. when slow releasd
of gas_to the &ir is unacceptable, actach needle valve and tube to run NO7 into an ex-
ceas of 5-10 ueous sodlum hydroxide solution (cautien!) at a moderate rate, thuen

neutralize for disposal. Cover liguid spill with an excess of HaHCo3; wmix; spray with
vater from atomizer, then flush to hnlding tank for disposal.
Disposal - Follow Federal, State and locsl regulations. Dilute neutral, low nitrite wasge

vith much vaterand flush to draln with lots of warer to meet dilution reguirements f°ﬁ
: 1

) roan .
c f PECIAL PROTECTION INFORMATION

Use closed processing te prevent exposure whenever feasible.r Consider use of continuous
-nnttoring devices. Use an exhaust hood with minimum 100 lfm face velocity to en-

close. Provide genural ventilation and local exhaust ventilation to mect TLV require-
ments, For emergency and noaroutine exposure provide an approved full facepigce ves-
pirator adove tha TLV; a cartridge or canister type can be used below 50 ppm; a self-
contained or air supplied respirator is required above 50 ppm or for unknown levels.

Pravent skin contact with liquid or vapors by use of gloves and protective clothing. Usd
safety goggles and s face shield for eye protection. Instant action eyewash stations
and safety showsrs are needed in close proximity to use and handii{ng avea.

Those vorking with NO? sust have special training in hazards and handling and close
supervision.

SECTION IX. SPECIAL PRECAUTIONS AND COMMENTS .

Obse basiﬁ precautions for handling and .se of pressuriied cylinders. Notrel Nog
¢ylinders do pot have safety devices for pressure relief; store away froN Teat sdurced
fn lov fire vr{sk areas. cht avay from golvents, fuels, iubricants. combustibles, ve-
ducing agerts. Use compatible materials and squipment for handling NO3. Obtain de-
tllho information from suppliers for handling and use under specific conditions.

and ¥y can veact *n an electrie arc or other high temperature source to produce
hasardius levels of NO;; combustion of nitrogen-containing materials will produce NU7.

Provide preplacement wedical cxamination and at least an annual examination of exposed
personnel with special attention co pulmonary function tests and dental care.

Preclude (rom exposure individuals with cardiac or pulmonary disecase.

* . . . M
- APPROVALS: Las’ G W 7 adgrn./
DATA SOURCE‘SQ CODE: 2,4-6,9,12,15-17,19,20 Industrial Yygiend 72
Aoty o0 b0 o vt v and Satecy
\-u:'i:.."'.-omrm bkt Comersl Ui ‘(:".ﬁ”' Covporate Medicp!
podeiing b 04 AQ S0 and o N S { 3
B EREE [THNE sl
GENERAL D ELECTRIC v
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APPENDIX B

TEST AUTHORIZATION DOCUMENTS
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Request Use of NTS Facililires

¥r. Thomas R. Clark

Manager, Nevads Operations Offyce
us Dot

P.0. Box 142100

Las Vegas NU 89114

{. Pursuant to the July 8. readquarters Space Division letter,
@ copy of which was forwarded to your Ms Wendy Oixon, we wish to
proceed with the fire suppressicn foam testing described therein
and formally request the use of Reusda Test Site (NTS) facil-
1ties for these testis

2. Request a 3-weak window Se@inning oa 21 Oct 85. Tdeally,
the tets can be compleced in 1 142 o 2 wesks, but adverss
weather conditions <¢ould stretch this period to 3 weeks.
Caneral construction supoort requirements will bs ainimal;
however, we will require photograpnic support, bdoth s3ill and
viddo. Funds are available for site rental and support.

3. The following agencies will have persontel on the site
guring the testing veriod:
RQ AFESC 2 persons full Test Period
Hill AFB | person Full Test Period
NMERT 3 persons Full Test Feriod
MSAR 4 persons full lest Period
fierospace Corp 1 person st week
q. On-site billeting it recudsted far the iandividuals
vdentifiad irn paragrapt three faditionzl gpersonnel from Lhis

of fice and the Mow Mexico Engineering “esearch Instibute (NMERI)
W11l view certairn tests of the serics, otut will not require
billecing Security c.warancés 1ra  vlsi.  requests will  he
praovided for all participarts.

S.  Point of contace at MMExRI far Further iafcrpmarion/assistance
is Mr  Tim Stepatic, comprercilal telephone 505 247-3212.

JOSEPK L. W&LMER cc:  MSAR(Mr. Hiltz)

Chief, Fire Technology Branch HQ SD(Capt Betschart)
flerospace(Mr. Lewis)
NMERI (M, Stepetic)
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ROCF 26 SEP 1985
Use of NTS Facilities (Our ltr, 27 Auq 85)

Mr. Thomas R. Clark

Manager, Nevada Operations Office
Us DOE

£.0. Box 14100

Las Vegas NV 89114

1. In response to your request, enclosed is a draft copy of the
test plan for use of the DOE Nevada Test facilities. The site
will be used for validation testing of a ncwly developed
hypergolic vapor/fire suppression foam and environmental
sampling acquisition. Test facilities are requested for a
3-week period beginning 21 Oct 85.

2. Point of contact at the New Mexico Engineering Research

Institute (NMERI) for further information/assistance is Mr. Tim
Stepetic, commercial telephone (505)247-3412.

SIGNED

JOSEPH L. WALKER l Atch
Chief, Fire Technology Branch Test Plan
cc: NMERI '

AFSC/CFPE (Capt Betschart)

RDCF, Joe Walker 6451, 25 Sep 85,
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Departmant of Energy
Nevada Oparations Office
£. 0. Box 14100
Las Vegas, NV 89114-4100

November 8, 1985

Joseph L. Walker

Chief, Fire Technology Br.

HQAF Engineering & Services Center
Dept. of the Air Force

Tyndall Air Force Base, FL 32403

APPROVAL TO CONDUCT FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS
~T THE NEVADA TEST SITE (NTS)

A review of your proposal to conduct the subject tests has been completed.
Appraval of your request is hereby granted, subject to the enclosed
conditions, Any significant deviation in the program or intended use of the
facilities as set forth in your test plan must be appraved by this office in
advance of any NTS activity relating to those changes.

If you have any questions regarding the aforementioned conditions, please
contact Lon Kilmer, Resource Management & Budget Division (702) 295-0968.

/AT
il A .’/r’!;-'('./ e -
T RSk
RMBO:LK-1051 /f'VManager
Enclosure:
As stated
cc

Ralph Hiltz, MSAR, Mine Safety
Appliances Co., Evans City, PA .
Tim Stepetic, NM Engrg. Res, Inst. —~s =Sk
Univ/RM, Albuquerque, KM
R, H. Ide, Resident Mgr,, LLNL, Mercury, NV
R. H. lde, Field Qpns. Prog. Leader/Nuclear Test
Group Oirector, LLNL, Livermore, CA
. T. Scolman, Oep. Assoc. Dir., Test Opns., LANL, Los Alamas
0. Kennedy, Org. 7130, SNL, Albuquerque, NM
G, Edwards, Resident Mgr., SNL, Mercury, NV
0. Cunningham, Gen. Mgr., REECo, Las Vegas, NV
. E, Gurrola, Vice Pres, & Genl, Mgr., HAN, Las Vegas, NV
W, Titus, Meteorologist-in-Charge, NUAA/WSNSO, Las Vegas, KV
. R. W, Smith, USAF/DOE-NV Liaison Gfficer, NV




Joseph L. Walker -2-

0
0
X

{continued)

. Nelson, Jr., AMO

. Taft, AME&S

Witherili, Oirector, NTSO
. Magruder, Oirector, TOO
Elliott, Oirector, SHD
. Church, Director, HPD

. Miller, Director, OPA

. Adams, Diractor, SSO

. Rinaldi, QAD

. E. Bingham, HPD

.

. -

N

-

MOLMO@MNE, <<
. * 4 e
DETNMEDXRTN
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CONOITIONS FOR APPROVAL TO CONDUCT FIRE SUPPRESSION TESTING
OF HYPERGOLIC VAPOR CONTROI, FOAMS AT THE NEVAOA TEST SITE (NTS)

1. General

This approval {s subject to your compliance with the rules and regula-
tions set forth for the NTS. All tests will be conducted on a noninterference
basis with the Nuclear Weapons Program and other test site operations. Should
a conflict develop between your test activity and ongring NTS activities,
aicess to specific areas may be delaved due to security or safety considera-
tions,

Approval for use of the NTS must in no way affect the jurisdictions,
responsibilities, and authorities of the DOE or the Air Force.

2. Environmental Aspects

The 1983 “Environmental Assessment for Spill Test of NH3 and NpQ4 at
Frenchman Flat* will cover the activity. OQE/NV has prepared an environmental
evaluation which satisfies the requirements of the National Environmental Policy
at (NEPA).

3. Safety and Health

The MSAR Tast Director will be responuible to the Manager, NV, for the
safety of all Fire Suppression tests at the NTS zad for assuring a safe and
nealthful work place. ’ '

The DOE safety, health and fire protection standards and the NTS Standard
Operating Procedures (S50Ps) will be applicabie 1n eddition to any other such
standards which the Alr Force might impose on ‘he program,

A State of Nevada perwmit is required to conduct the specified tests.
Application was filted by the Safety and Health Divisicn, YW, on approximately
September 15, 1985. Approval is anticipated, but has not yet been recelved,

4. Claims
The Air Force will be financiaily responsible fir and will process claiins
that may arise as the resylt of the activities ef fts gersonnel or fts contractor

personnal. O0O0E will be financially responsible for and will pracess clarm
arising out of activities of 1ts personnel or 115 CHrtractor pe-sonne !,

5. Fund ing

NV will be refmbursed for all costs assoctated with the testing 3t the
NTS. A funding document from the Alr Force (MPR) will be provided to DOE/NV
prior to the initiation of associated activities.
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6. Construction Operations

A1l construction operations will be performed according to present SOPs
{6001) by OOE contractors at the direction of NV/NTSO.

7. Weather Support

WSNSO will provide meteorological support as requested by the test
organization and as required by the NV Operations Controller.

8. Security

Existing security rules for access to the NTS will be followed. Program
personnel wha require access to the NTS will follow normal visitor control
rules concerning the submittal of visit requests through cognizant security
offices which will resylt in the fssuance of security badges.

Security personnel will be utilized to sweep, control, and aid in emer-

gency evacuation support during periods of testing. Security details will be
elaborated within the DOFE/AMO Operations Plan,

9.  Housing

Arrangements for housing must be coordinated with the REECo Housing
Custodial and Food Services Department at (702) 986-9421. Housing requirements
of personnel from other NTS programs will have precedence.

10. Medical

Paramedic and ambulance support will be provided by REECo from Mercury
fn the event of an emergency.

11. Concept of QOperations

The test period has been revised to provide for compencement of tests
on Novesber 12, 1985, with arrival of personnel and test preparation activity
during the prior week, Prior to the initfation of test activity, the Air Force
will provide an organizational responsibility plan which clearly delineates
the MSAR/NNERI responstibilities for conduct of the tests, .

The DOE/NV Operations Controller wili be represented by a 0QE/NV Opera-
tions Coordinator who will serve as the on-site representative for the Opers-
tions Controller for any sctions deemed necessary.

A1l test personnel will fully comply with NTS emerjency 1 vacuatior
policies ard dirsctions frior to commencing operations, an Operations Permit
must be obtatned from the Jperations Coordination Center {0CC), NTS (702)
295-4015.

The concept of gperations will be det:tled within the OOE/AND Operations
Plan as established specifically for these tests,
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12. Decommissioning

All trailers and other remaining equipment will be removed upon comple-
tion of the last test unless otherwise extended by permission from DOE/NV.
Unusable equipment and debris will be properly disposed of in accordance with
00E/NV requirements.

13, Passes for Access and Eqress of Equipwent

To arrange for appropriate passes for entrv on the NTS, 1 Tist of all
equipment and vehicles and their contents must be submitted to the assiined
NTS Project Engineer {Winfred Wilson) seven days in advance of delivery.

All property exiting the NTS must have a Radioactive Clearance sticker,
available at the Radioactive Material Control (RAMATROL) 3uilding, NTS {702)
275-7090, affixed to the Property Removal Authorization. A Property Remova!l
Authurization can be obtained from the assigned NTS Project Engineer (702)
295-4001.
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DEPARTMENT OF THE AIR FORCE

HEADGUARTANS AIR FOACE L0 TRING ANO SERVICES CENTER
TYROALL AJR SORCE BASK, FL 32403

ROCF- (Mt Bryce Mason, 904 283-6194) 27 FEB 1986

Use of NTS Facilities

Mr Thomas R. Clark

Manager, Nevada Operations Office
USDOE

pP.0. Box 14100

Las Vegas, NV 89114

1. References:

a. My lettesr, 27 August 1985, same subject, which formally
requested the use of NTS facilities for fire suppression testing. .

b. My letter, 26 September 1985, same subject, which
torwarded the tast plan for the subject five supprassion tests.

c. Your latter, 8 November 1985, approving the use of NTS
facilities for the testing.

2. While we were able to conduct a good series of 21 succeasful
tagts at NTS Ecom 12 to 24 November 1985, we wate not gble to
complete the test matrix due to weather conhstrajnts. 1 am
e~cloaing a summary report of the November effort for vour
information. A tctal of 15 tests vemaln to be conducted and ouc
proposed schedule for these tests {a attached. These tests ace
all contained in the original test plan matrik. U

3. Request a 2-weeck windov beginning & April 1986 to complete
this teat series. Gennral construction support cequireaents
will be minimal and photographic support will not be requlired.
Funds are avatlable for guypport. Further cvquest that on-site
billeting be avalladble for two NMERI and four MSAR petsonnel.
Additional peraonnel from this offlce and NMER! may view cectsin
teats, but will not vequire billeting. Securlty cleatances &and
viait requests will be provided for all pacticlipants,

4. Pleaae contact myself or Mr Tlm Stepetic of NMERI .
(Commacrcial 950% 247-3412) Lt we may be of any further asslatance.

’ A ’.?f::"-
)05'Sﬁkk7b£ghxéﬁ LJ;{‘béag\‘—w———

Chipf, Flre Technology Branch

Atch
Field Test Repoct
Test Schedule

P e Sea

¢ MSAR(Mr Hilel)
HQ SU{Capt Betachart)
Actospace(My Lewisa)
NRERI(Mt Stepetic)

ATTACHMENT
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Department of Energy
Nevada Operations Office
P. Q. Box 14100
Las Vegas, NV 89114-410C

March 21, 1986

Joseph L. Walker

Chiaf, Fire Technology Sr.

HOAF Engineering & Services Center
Dept. of the Alr Force

Tyndall Air Force Base, FL 32403

USE OF X¥$ FACILITIES

Reference your lettsr dated February 27, 1986, subjlect as abovu, requesting
approval to proceed with 15 previously describey and planned tests which were
not cospleted during your Novemdber 1985 tast period.

Approval of your request {s hereby granted. bassd upon the Test Plan documenta-
tion submitted for the November test perfou. This approval is subject tc those
same conditions which applied to our original approval lot*er of November 8,
1985, copy enclosed. A new state of Nevada permit will not be required,
however, 4s the state has *oen advised of a rasumption of testing to complole
activities planned to occur under the ortiginal permit application,

Current NTS scheduling conflicts will require that your two-veck test period
covmance on April 1l. as opposed to your proposed date of April 4. You should
also anticipate some conflict during the two-weok perfod which ~wid feastbly
extend your test perfod by a couple ol days.

If you have any question regarding tnese cond{tlons, pleasa contact Lon X{lwer,
Rescurce Management and Budget Otvision, (702) 295,,-%)68.
]

I/ : }
Xk

&ﬁm»ms“ﬁ‘ Clark
RB01LX-0332 Hanager

Enclosure:
As statsd

cc v/encly
Ralph Hiltz, MSAR, Mtno Safoly
-y, Appllancas Co., Evang City, PA
tm Stepetic, MM Engrg. Res, inst,
Unte/'#, Albugquerque, MM
R. H. Ide, Restident Mgr.. LLKL, Maercyry, Ny
R, #. Ide, Fleld Qpns, Prog. Leader/Nucivar Test
Group Ofrector, LLKL, Liversore, CA
W, P, Wolff, Test Gp. Director, LANL, F-670., Los Alamos, NM

AT

e8]




Joseph L. Walker ~2~

cc w/encls {continued)

W, P. Wolff, Test Gp. Diractor, LANL, Meicury, NV

J. D. Kennedy, Org. 7130, SNL, Albuquerque, NM

8. G. Edwards, Resident Mgr., SNL, Mercury. NY

H. 0. Cunninghan, Gen. Mgr., REECo, Las Vegas, NV

A, E. Gurrola, vYice Pres. & Genl, Mgr., HAN, Las Vegas, NY
R. W. Titus, Keteorologist-1n-Charge, NOAA/WSNSO, Las Yegas, NV
Col. R. W. Smith, USAF/DOE-NV Liatson Offi{ce, NV

J. K. Magruder, Actg., AMO

R, W. Taft, AMCS

V. F. Withari1l, Director, NTSO

J. O. Stewart, Actg. Director, TOD

S. R. Ell{ott, Jirector, SHD

B, ¥, Church, Diroctor, HPD

0. F. Wi1ler, Oirector, OPA

€. W. Adams; Director, SSO

J. R. Rinaldt, Director, QAD

F. E. Bingham, HPO

W. A. Wil30n, NTSO
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FORM nV. 50 s 0O
Ny

(REV. 4/38) OPERATIONS PERMIT

Permit No. 86-009 —

04/11/86

Date:

Sponsoring Agency: Mine Safety Appliances Research gifactive Dates _04/11/86 - 05/02/86

Technical Agency in Field: MSAR
Project Designation: Fire Suppression Testing of Hypergolic Vap r Control Foams

ACTIVITY (Briet Description) 1) _Develope documen:ation that may be used for A.F. Certification

of the presently developed hypergolic propellant vapor -ontrol foam: for use s fire

suppressants, 2) To identify the chemicals released into_the caviro:ment when foams

are used to control hydrazine fires.

Field Operations will be under the direct supsrvision of; __INOPS J. Stepetic

who may ba reached at: (Telephona Number) _295-4373 (Radio Net) 14 .
Activity approved by: (Cite DOE  latter or other authonty) DOE/NV letter from Tom Clark to J, Walker,

USAF dated 11/08/85, subject Use of NTS Facilities § NV letter same subject dated

11776/ igned by Nals ] . A
o SR e R A Vince forii, TOD (5-1140), Bob Simcs, OMB (5-5015)

The following guidelines apply te this work:

_y.. (1) Frovisions of {TSU-SOP excep: as way be described below.

(i) Removel of classified materials from the Nevada Test Site (NTS) will be coordinated
- with Ssfeguards end NTS Security (5-0082).

X 31 All materials that «re being transported off the NTS must be processed through
- REECo RAMATROL (§-7090).

X (4) Quality Assursnce standards shall be matnisined sz relates to procedures, fadricatien

of materials, training of persannel and ecquipment. .
K 1$) A1l tesr locations will be restored to their originsl conditions. '

X (8) Upoa coapletion or aceivity, the Aguncy Reprvsentative will notify the OCC by call.ng
- 4015

__X_{(7) A}l conditions as stated in the oriyinul letter of approval will bhe
adhered vo.

) - —71‘ N / ,' .
b ( . ‘/ . ,"'- ) { < .‘,/ . .
PRI ALA 0 nasveenbuetedby i OO WA S oA g VD
(. I T TO4 021 841:003 COORDNTOn 8¢

g
Eugenc“v. Polite * Rebert 1. Simms

T Al Phreice Qiviglen, W
tear Oparatiohe Uleiviea, W
Quatsly Faguisate, W
Uteestor, WTRD, Meraury, W/3 P01
SL.ONTE. rurity Bremd, metquey. W 100
N0, N3G, Wercury, Wi POl
SUICo Lavirermental Rel., AtTa A, Di-ver, Mercury, C. Pomwull, CP 30, WD 1S9
BT Soivparionst Salety & Tive, Marcury, W3 ey
Ageacs Bepreseatative
8 e
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APPENDIX C

MINUTES OF SIGNIFICANT MEETINGS
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Technical Interchange Meeting
Fire Suppression Testing of Hy-ergolic
Vapor Conrtrol Foams

3 June 1985

A technical interchange meeting was held at MSA Research, Evans City, PA to
provide NMERI (New Mexico Engineering Research Institute, contractor to HQ
AFESC/RDCS Tyndall AFB) with information that will enable them to make the
best selection of site and crew for the forthcoming tests. The meeting was
held at the request of NMERI. In attendance at the meeting were: Messrs
Ralph Hiltz, Stanley Hoover and Jack Greer of MSAR; Drs. Robert Tapscott
and Harcold Beeson of NMERI; Mr. Joseph Ranftl of The Aerospace Corporation.
Dr. J. Wilson Mausteller, General Manager of MSAR was also introduced but

did not participate in the technical discussion.

1.0 Discussion

The meeting began with a brief introduction by MSAR regarding their
specialization in feams having properties of low drainage and high
stability. NMERI posed a series of questions relating to the past
experience of MSAR in dealing with tests on hypergolic propellants
and also pertinent to the forthcoming tests. Responses are summa-

rized in the following:

1.1 Regarding hazard data for the Nevada Test Site (NIS) MSAR
has done an analysis for NTS and this information is incor-~
porated in their Operational Plan for testing at NTS (copy
of plan available te NMERI). MSAR stated further that
whether tests are made at any particular time at NTS depends
solely on the judgement of local site managewent which is

nut greatly fnfluenced by users input.
1.2 MSAR plume calculations are based on an Air Force Manual

(reference given to NMERL). N,0, release is wore eritical

than hydrazine.
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TIM - Fire Suppression -2-

1.3

1.4

1.5

1.6

1.7

1.8

1'9

MSAR expects that NTS could be made available within 6 weeks
lead time -~ 8 weeks maximum. MSAR has been there 6 times

already for tests and have stainless steel fire pans at NTS.

Use of the site costs $15,000 - 25,000 per week. MSAR, Tyndall
and Space Division should be able to get it at the lower figure
in negotiation with Al Dietz, D.,O.E. Washington. Security
guards are the biggest cost because of high overtime pay for all
services, portal pay, ete. If area #11 could be fenced, costs
could be lowered. Any already secure area that might be avail-
able would reduce costs, for example ETS-1 previously used but

not available for the coming tests.

MSAR has extinguished some pure hydrazine fires with foam.
5 ft x 5 ft pans were used. High expansion foam was applied
at a aormal flow rate, however the low expansion foanm was

applied in excess.

For the tests planned, a 3 inch diameter hand held aerating
nozzle will deliver 75 cfm of 350:1 foam. For low expansion
a standard three to six gal/min. nozzle would be used at an

8:1 expansion ratio.

MSAR furnishes and uses their own protective clothing and
breathing apparatus. No self contained breathing apparatus
has been used nor is anticipated if MSAR performs the tests.

There have been no accideats in past related testing.

MSAR would use 3 people to run the tests, 2 on equipment and

1 on data.

Spring is the best time of the year for tests at NTS, summer

too hot, but September and October are satisfactory.
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- Fire Suppression ~3-

Foam Demonstration

Following the question-answer session, MSAR demonstrated foaming equip-

ment and their foam test facility. The generation rate ranged from

75 cfm to 6000 cfm, depending on the equipment used.

Site Opticns

The remainder of the meeting centcred on the necessity of an early

decision on site and test personnel in order to assure certification

of the foam by February 1986, assuming successful tests. Although

many options are possible, it was decided to consider the following

options:

3.1 NMERI mans all tests at Kirtland

3.2 NMERI mans fuel tests at Kirtland and MSAR mans oxidizer
tests at NTS

3.3 MSAR mans all tests at NTS

3.4 MSAR mans fuel tests at Kirtland and also mans oxidizer

tests at NTS

Selection Factors

Tyndall AFB has been suggested as an alternate site to Kirtland. Such a

decision does not materially affect the issues associated with the above

four selections nor the logic in waking a choice. The most significant

differences in the above optiouns follow:

4.1

Under oprioas J.1 and 3.2 and to use Alr Force fire crew the use
of RFHCO clothing would be required. Associated with 07 i=s the
cost of Air Force specialists and training on-site, as well as

the supporting facilities pertinent to the use of RFHCO.

In options 3.2, 3.3 and 3.4 RMERI/Tyundall would bear the costs of

use or NIS.
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TIM - Fire Suppression -4~

5.0

4.3

5.1

5.2

SI3

..

Options 3.3 avoids the necessary permitting at Kirtland to be
performed by NMERI and estimated to require 2 to 3 months time.
This would enable testing at an earlier date and also allows

substantial cost avoidance.

Action Items

NMERI will decide by 14 June on which option they wish to pursue
and so inform Space Division (in conversation with Dr. Dennis
Zallen on 6 June this date was changed to no later than 21 June

because of NMERI travel schedules and the necessity to confer

with Tyndall).

Aerospace/Space Division will assist in locating surplus hydrazine
to minimize fuel costs for the tests. This can be effectively

accomplished only after the site is selected and receiving arrange-

ments made.

If tests are to be perforwed at NTS, Space Division is to comntact
Wendy Dickson at DOE to give go-ahead on information already fur-
nished her, by MSAR (this is because of Ralph Hiltz's travel out
of the country until 16 July).

If tests are to be performed at Kirtlund, MSAR will make a pre~

test visit for site and facilitles review.
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THE UNIVERSITY OF NEW MEXICO
NEW MEXICO ENGINEERING RESEARCH INSTITUTE

DATE September 16, 1985

TO : See Distribution

FROM Tim Stepetic, APT Division

SUBJECT: Meeting on Fire Testing of Hypergolic Vapor Control Foams,

September 10, 1985, APT Conference Room, 2420 Alamo, Albuquerque, N.M.

1. The subject meeting commenced at 8:00 AM, with the following people in attendance:

Mr. Joe Walker HQ AFESC/RDCF
Mr. Sherwin Lewis Aerospace Corp.
Capt. Jim Betschart Space Division
Mr. Ralph Hiltz MSAR

Or. Bob Tapscott NMERI/APT

Mr. Tim Stepetic NMERI/APT

2. The first subject discussed was the make-up and provision of propellants required
for the tests. NMERI has placed a propellant order for the following propellants to
be sole-sourced from the San Antonio Air Logistic's Center at Kelly Ar3:

MMH 17 drums
Aerozine-50 3 drums
N204 1 one-ton cylinder

The order was placed with the request that "OFF-SPEC" propellants (with 5% 4,0
limitatica in MMH) be furnished to the maximum extent possible. The group decidgd
that up to 15 drums of the MMH requirement could be filled by QFF-SPEC Aerozine-50,
if it is available. It was also decided that two drums of anhydrous hydrazine and
two druss of UDMH would be tested. NMERI will adjust the propellant request to
reflact theer changes.

3. It is uauersteod that Mine Safety Appliances Research (MSAR) will provide all
foam and delivery apparatus with the exception of 10 gallons of AFFF and 10 gallons
of polar fuel foam to be furnished by Mr. Walker. MSAR will further furnish approp-
riate wearing apparel and breathing apparatus for their pervsonnsl and a reascnable
number of other participants as determined by MSAR., Appropriate footwedr is the
responsibility of each participating/observing individual. MSAR will furnish NMIRI
with general data on safety apparatus and safety distances. :

4. The testing plan as originally developed by MSAR along with a test matrix were
discussed in considerable depth, A test sequence and schedule were agreed upon and
are provided as attachments 1 and 2 to this memorandum. Test numbers are in atcord-
ance with the original MSAR matrix which is now expanded to include UYOMH as Entry B,
anhydrous hydrazine as Entry D and polar fuel foam as Eantry 24, .
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5. Mr. Walker has sent the formal request for site use to the Nevada Operations
Office, and Mr. Hiltz has provided the same office with an acceptable operation/
safety plan. Dr. Tapscott will finalize the sampling plan (completed - Attachment
3) by the end of this week and send it through Mr. Walker to NTS no later than the
middle of next week. NTS will require 2 to 3 weeks to process the complete request.
Mr. Walker will also MIPR the site support funds to US DOE at NTS.

6. We will plan to have the NTS photo support contractor, Pan American, handle our
photography requirements. In addition to a comprehensive series of still photos,
we will require video with time overlay and some sort of IR or UV video, also with
time overtay. NMERI will work closely with the photographer(s) to insure compiete
test coverage.

7. Captain Betschart will provide NMERI with an MDA sensor and tapes for use during
the tests. He'll ship it to NMERI, who will take it to the test site and set it up.

8. NMERI will assemble a final test plan, drawing from MSAR's plans and matrix and
Dr. Tapscott's sampling plan. The plans will be submitted to Mr. Walker for approval
NLT 23 September 1985,

9. UL 162 procedures were discussed in considerable depth. The low expansion foam
will be tested in accordance with UL 162 and the high expansion foam will be tested
in accordance with NFPA 11 A,

10. If anyone desires corrections/additions to these minutes, please contact me.

Q‘T%%”?%Eﬁe

NMERI/APT
AUTOVON (244) 9462
Commercial (505) 247-3412

3 Enclosures

Distribution:

Nr. Joe Walker Capt. James Betschart
AFESC/ROCF SD/CFPE

Tyndall AFB, FL 32403 LAAFS Box 929600

Los Angeles, CA 90009
Mr. Sherwin Lewis

Aerospace Corporation Mr. Ralph Hilt:

Director, Chemical Systems Office MSA Research Corporation

2350 Cast E1 Segundo Blvd. Evans City, PA 16033

P. 0. Box 92957

Los Angeles. CA 90009 Mr. Surendrd Joshi
AFESC/RDV

Major Tom Lubozynski Tyndall AFB, FL 32403

AFESC/RDV

Tyndall AFB, FL 32403
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October 7, 1985
MEMORANDUM OF MEETING

1. A meeting was held at the Mine Safety Appliances Research Corporation,
Evans City, PA on October 1, 1985 to discuss testing protocol and MILSPEC
requirements for Subtask Statement #3.20, Fire Suppression Testing of
Hypergolic Vapor Control Foams. The following attended:

Mr. Ralph Hiltz MSAR

Mr. Tom Hughes Hughes and Asscc.
Mr. Ed Bolander Hughes and Assoc.
Mr. Phil Di Nenno Hughes and Assoc.
Dr. Bob Tapscott NMERI/APT

Me. Tim Stepetic NMERI/APT

2. Mr. Hiltz opened the meeting by giving a general background on how this
project came into being as a result of the increasing use of the hyperyolics

in the space programs and the Damascus, AK, Titan Il incident. The resultant
vapor control foams are essentially validated and now have official Technicai
Order procedures and National Stock Numbers; however, they have never been

seen through the MILSPEC process. The storage facilities at the present

taunch sites are still upper and lower water deluge systems with the capability
to turn oft the upper system and use foam in the lower system.

3. Nr. Hughes stated his concern that the data anticipated from the tests
presently planned would not be sufficient to produce a draft MILSPEC as re-
quired by the Subtask. He feels more effort must be made to reduce variables
such as application Type Il versus IlI, the effects of scale and the use of
MIL-F-24385C versus UL162 as a criteria foundation. Mr. Hiltz stated tha® he
felt that the MILSPEC is biased toward AFFF {Mr. Hughes agrees) and that uLl62
better parallels the character of polar solvents. He further feels that Type
IIT will probably not work with polar solv~nts and the extinguishment of a
square fire presents a tougher challenge than a round fire. The N,0, reactive
fires with fuel, tires and wood are basically background tests and results
will not necessarily be incorporated in the resultant specification document.

4. Mr. Bolander asked if we could reduce the number of N,0, fires and jncrease
the number of MMH tests, but we are too far into the projéct to make this
significant a change at this date,

5. As regards scaling, previous vapor control testing at the Hevida Test Site
(NTS) used S0 SF pans and for ease of late scheduiing, the same was specified
for fire suppression tests, Further investigation 15 required as to NTS
allowable fire sizes for possible future tests., NSAR lab tests involved 9 SF
fires with a low expansion rate of © gal/min and high expansion rate of 1.5 CF¥/SF.

6. The following aspects of the test protocol wera discussed in considerable
detail:
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a. Tests Al, 2 and 3 will be done with Type II application, imparting
the rear of the pan approximately 2" above the fuel. A-15 and possibly
others in the 15 series will be Type III application, hand-held with moving,
laterai application if possible.

b. Standard nozzles will be used in all tests (National Foam 2, 3 and
6 GPM). Hughes Assoc. will loan MSAR an AFFF 2 GPM nozzle for the AFFF tests.
NMERI will arrange for a back-up AFFF nozzle.

c. The standard pan (4 each) to be used will be 50 SF square (7.07' X
7.07'), 12 inches high. Ve wi'l also do a second test for N-29 with a 28 SF
round pan, four inchas high. Mr, Hiltz will place the work order with RECO,
through Mr. Win Wilson of NTS, to construct these 5 pans. On the square
pans, we will exercise judgment on the degree of corner extinguishment
required and attained.

d. The type of nozzles and nozzle variances are OK. The nozzle's
pressure will be 100 PSI from a pumper with a 250 PSI capacity. The nozzles
will have flow control readouts.

e. Pre-burn period for all tests will be 2 minutes.

7. Mr. Hughes advised of the need to closely monitor the effects of personal
proximity to the fires. We all agreed that this will be handled as a major
safety item and that it is a subject for future study with different ensembles
and wearing apparel. We must also be alert to the possible contamination of
apparel .

8. Mr. Bolander addressed the following physical and chemical characteristics
of the foams.

a. Refractive Index is required for each solution to measure concentrations,
MSAR uses refractive index as a quality control measurement for chemical deteri-
oration and mechanical contamination, MSAR will furaish the index figures to

td.

b. Viscosity must be closely tracked within a range. Again, MSAR will
furnish figures. Viscosity is kept under 100 CPS, usually around 70. Pectin
is heavily viscous in the surfactant and an in-line mixer \s used.

c. PH for the mixed foams is ebout neutral with an acidic acrylic and
basic surfactant. The ASE 95 used for the fuels gels on tne basic side and
can be readily pumped, The ASE 60 used for the o) *dizer gels on the acid
side and cannot be pumped due to high speed shear breakup of the emulsion.
ASE 60 is fed through 3 proportioner and is buffered for storage. Containers
are polyethylene lined.

d. Spreading Coefficient is not used because the foam is not film-forming.
It has a surface tension of approximately 24.

e. Ffoamability is determined by MSAR through the gquarter drainage of the
graduated cylinder. This is the NFPA 4,12 test which works better with two
materials.
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f. Dry Chemical Compatability is not addressed because of Air Force
phase-out plans for dry chemicals.

g. BOD and COD should be further analyzed later in the program. MSAR
has BOD figures for a 2% solution, but they are presently using a 10%
solution.

h. Environmental requirements will be determined by Hughes Assoc. and
the requirements will be passed to MSAR. On proprietary materials MSAR will
di close contents but not proportions,

1. Stripabiiity is presently being done by MSAR and data are available.
J. Sealability will be assessed via the wand test prescribed in UL 162.

k. Aging data are coming available through a Space Division contract
with Fresno State University.

9. There is a range of product validation documents which can vary between

a minimum of a proprietary product description through to a final specification.
Hughes Assoc., will provide me with such a listing and the correspondent time,
test programs and dollars required tc produce each type of document. It is

not generally felt that this test program and a limited amount of dsllars can
produce a dratt military specification by April 1386. It was later learned

from Captain Betschart of Space Division that the first west coast huttie
Taunch will take place in the April/May 1986 time frame and that he is looking
for a milestone schedule which delineates managerial contrel and visibility

of a program designed to produce a final MILSPEC,

10. Due to MSAR's three-week limitation on field activities, the test schedule
will break after ] November and testing {if necessary) will resume on 11 November.

11, The meeting closed with general aqreement on all test aspects and optimism
that *he test schedule would be executed successfully with desired results.

Tim %tepet%zy
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February 14, 1986

1FMORANDUM OF MEETING

™~

S

A meeting was held at NMERI on January 29, 1986 to discuss the continuation
of the fire suppression testing of hypergolic vapor control foams. The
meeting was attended by Captain James Betschart, Space Division; Mr. Ralph
hiltz, MSAR; Dr. Robert Tapscott, NMERI and Mr. Tim Stepetic, NMERI.

Mr. Hiltz had developed a proposed schedule for the continuation of testing
at NTS in the 2 to 17 April 86 time frame. This was reworked and the
agreed upen schedule is attached. The N 04 will not be transported to the
site until the A50 tests are complete. %he A50 tests will be a design

rate series for both high and low expansion - three tests in each series.
There will be no A50 or MMH on site during the N2 0, testing except for

the final two tests which incorporate both N O4 and MMH. During the three
overnight N _0,soak tests, MSAR personnel wi!% man the test site to avoid

added security costs and to respond to (Tow probability) reactive combustion.

Because of the NTS processing time for site use and the newly added State
of Nevada review requirement, it is imperative that the site request letter
be moved as soon as possible. The draft site request letter with schedule
was sent to AFESC/RDCF on 13 February for forwarding to NTS.

Captain Betschart had several good suggestions for use in developing the
final report. The report should address the general effects of wind on
extinguishment times. Also, the report should contain extensive background
of all Air Force hypergolic studies to date.

Additional report techniques on acronyms and content listings were discussed.

Chemical data sheets on all associated propellants, foams, etc. will be
inciuded.

The continuation of this project was discussed in detail. $75K is required
to complete the testing - such funds are not available at present. The
alternative is tc reduce the scope of the project to cover a MILSPEC for
hydeazine fire suppression foams only. This would require returning the
uncsed fuels through Kelly AFB to the suppliers and receiving a refund
($17.5K) and receiving a refund from NTS for site support costs paid but
not incurred ($i3K). The excessive costs incurred by this project were
generated by the following:

- a. . An extremely short period of time (7 weeks) beuween the project start

date and the available NTS testing window generated horrendous logisti-
cal prohlems, the resolution of which required many wore man-hours than
plannec,

b. The test schedule -iipped twice, necessitating the time and expense of
altering all logistical arrangements. A new hazardous material trans-
port ordnance passed by Clark County, Nevada further complicated fuel
shipping schedules.
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February 14, .986
MEMORANDUM OF MEETING (continued)

c. The$fuels cost of $69K significantly exceeded the budgeted ccst
of $50K.

d. The cost of purchasing and assembling the sampling apparatus
exceeded planned cost because the device was the first of its
kind to be built and required many refinements as construction
proceeded and techniques were revised.

Funds required are as follows:

MILSPEC Preparation $25¢
NTS Use and Support $19K
Purchase of A-50 § 6K
TDY and Salaries $25K

A determination on funds for the remainder of th:s project must be
made as soon as possible.

&‘}M(_%ﬂ?ﬁ

Tin Stepetic
NMERI/APT Principal Investigator
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TEST SCHEDULE FOR No0g FIRE TESTS
NTS - April 1986

April 7 AS0 Fire Tests - itigh Expansion
Start with 118 ¢fm

Aprii 8 A50 Fire Tests - Low Expansion

April 9 Conduct N»04 Tests N30 and 026
Overnight 077

April 10 Conduct NoOg Tests 027 and K26
Overnight L26

April 1i Condurt NpOq Tests L26 and K27

April 14 Conduct NoCgq Tests H8 and HO

April 1§ Conduct NpUgq lests HI0 and HID
Overnight 11€

April 16 Conduct NpOa Test I16
Move MMH to Site
Overnight N204 Gel

April 17 NoUg-NoHy Overspray A2l
Overnignt NpHgq Gel

April 18 NoHg-Nplg Overspray F18
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CONTRACT NO. F29601-84-C-0080

SUBTASK STATEMENT NO. 3.20/00

FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROI. FOAMS

TEST PLAN

1. BACKGROUND

Large quantities of hypergolics are stored and used as rocket
propellants in space programs, such as the Space Shuttle and the Titan.
Accidental spills of sizeable quantities of these hazardous materials can
occur during transport on the nation's highways as well as during
fropellant handling operations at the storsge and use facilities. An Air
Force study to develop a foam system that could effectivelv reduce the
volatilization of hydrazines and nitrogen tetroxide spills has been
completed recently. Foams with additives were developed and tested with
positive results for hypergol vapor suppression even under andverse weather
and stream flowing conditions. Field demonstraetions included scenarios of a
propellant spill contained in a simulated diked enclosure, a running spill
on concrete surface, and a spill occurring inside o missile silo. The flame
extinguishing capabilities of both low snd high expansion foams were

deaonstrated for propellant fuel fires. A mmjor concern during a hydrazine
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spill is the spontaneous ignition of the amine fuel and an effective fire
suppressant is necded for emergency responsc. Therefore, fire suppression
testing of hypergolic vapor control foams must be conducted to provide the
Alr Force certification of fire suppression agents for hydrazine.

Hydrazines are hygroscopic, water—soluble propellants which would be
expected to remain for a long time, be absorbed by the ground and require
processing. The three hydrazines and possibly nitrogen tetroxide fall into
this category. If water is used to control the vapors or control a fire,
the volume of the resulting aqueous solution could be substantial and, if
contained as a pool, would contaminate a substantially greater quantity of
soil than the hazardous materials themselves would. When faced with a vast
quantity of aqueous solution or contaminated ground which must be treated or
disposed of, the effort to develop a foum was undertaken to reduce the
quantity of waler used and reduce the containment volume. The used foam and
waste hydrazine must be disposed of once the spill has been controlled and
contained. Rather than collect it and bury it in a hazardous waste
landfill, e controlled burning or incineration is proposed. Depending upon
circumstances, in some cases it may be most evironmentally effective to
effect a controlled burn in place. The bulk of research has been directed
toward development of the foams as a solution to controlling the spill
hazards. Very little research has been done to assess the reaction products
formed when controlling a hydrazine fuel fire or when incineration of the

used foam is a means for its disposal.
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2. OBJECTIVES

The objectives of this effort are {wofold:
a. Develop documentation that may be used for Air Force certification
of the presently developed hvpergolic propellant vapor control foams for use

as fire suppressants.

b. Identify the chemicals released into the environment when:
1). Foams are used to control hydrazine fires.

2). Foam covered hydrazine is later disposed of by burning.

3. QPERATIONS

In earlier phases of this Air Force sponsored program, a series of
tests with the propellants were successfully conducted at Area 11 and at ETS
1 of the Nevada Test Site. Similar tests were conducted by the Mine Safety
Applicances Research (MSAR) Corp. in Area 11 with chlorine and ethylene
oxide in September 1978. To sufely test hydrazine and nitrogen tetroxide an
area is needed where the downwind vapor cencentration of the spilled
materials will not pose a hazard even under the worst conditions. In the
prior chlur1.e tests, the risk area was set at 4.0 miles, with a maximuw
allowable downwind vapor concentration of 1 ppm. Testing using 3,000 Ib
 antities of chlorine was conducted with no downwind difficulties. This

‘er series of tests used 500 lbs of ewch of the two propellants. A 1.0
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mile exclusion area was calculated as adequate. This was a circular risk
area radiating in all directions from the test site to compensate for
diurnal wind changes which could carry the vapors in any direction. All
tests were conducted without anv downwind vapor hazard to adjacent areas.
The Nellis Air Force Range and the U.S. Fish and Wildlife Service Deserti
National Wildlife Range are adjacent to the test area. Bath areas were
notified of the test programs. There was never any hazard to areas outside
the NTS boundary.

a. Test Setup. Three people from MSAR will need five days to set up
the test site. Each fire test setup will involve a surface area of 50
square feet, a rectangular area of 5 feet by 10 feet. All tests will use
stainless steel pans. Three identical setups will be made to allow

alternating tests.

b. Test Monitoring. The vapor concentration of each chemical will be

detected using four portable battery operated continuous recording
instruments. The detectors have a range of 0 to 100 ppm. The detectors
will be arranged in an arc covering a 90 degree angle downwind of each test
site. The detectors will be 30 degree apart and one foot above ground
level. The wide coverage of the detectors will encompass the expected
changes in the direction of the wind during the test. The detector array
will be used in ensure that downwind vapor concentrations do not exceed
allowable levels. Thermal sensors will be used to monitor fire intensity
and the degree of fire control achieved. One ton Ny0, cylinder will be

moved to the site along with £5-gallon drums of sonomethyl hydrazine, two
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drums of anhydrous hydrazine, two drums of UDMH, and three drums of Aerozine
50. The cylinders ind the 55 gallon drums will be covered with polyethylene
to insure protection from any corrosive vapors. A water source up to 1,000
gallons will be needed in generating the foam. The fire truck which has
been made available in past tests would be adequate. After the setup is
complete, the foam generating equipment will be assembled and tested.
Observers from the U.S. Air Force and Aerospace Corporation will be present
to lend technical assistance. They are not expected to participate in the
testing. The Fire Chiefs of the Eastern and Western Missile Ranges of the Air
force may also be present at the fire tests. A photographer will be present
to document the program. A total of nine people should be present during the

project. MSAR will be responsible for their safety at the site.

C. Spill Quantities. The NZGA tests will require about 2,000 1bs of
material. A maximum vapor loss of 20% is anticipated at the beginning of
the filling of the test enclosyre when the greatest quantity of Nzo6 s
released, detector tubes will be used to wonitor the vapor concentration
mgnually at the outer risk area. After the spill is completed, the
monitoring at the perimeter of the risk area will no longer be necessary.
Hydrazine will be tested in a similar manner. Que to its higher boiling
point, less losses are expected during filling. Ffour-hundred-fifty pounds
of hydrazine will be used per test with maximum filling losses in the range
of 10%. 1t is expected that at least two, and up to four, tests will be run

each day. At the end of each test, the liquid residue will be treated to
11¢




destroy all hydrazine. The cleanup/disposal procedurns will be those
defined during the earlier programs and found acceptable. Upon completion
of the experiments, two days will be needed for cleaning the test site and
removing the cquipment. The total project should be completed in 20 to 25
working days with about 15 days giveu to actual testing. The presence of
NTS personnel during the testing will be at the discretion of DOE. The NTS
botanist may wish to examine the test area before and after the tests to
determine any influence on vegetation that may have occurred. Some acid
fallout may occur close in to the test area during the N;0, tests. NTSSO
will provide area security. The manner of isolating the area shall be

dictated by NTS. Other security measures deemed necussary asre to be stated

by NTS.

4. SAFETY

The chemical concentrations will be monitoied by continucus recording
instruments at all times during tests. They will alsco bé manually tested
with detector tubes on an intermittent but frequent'basiﬂ when any personnel
will be conducting or observing the test. QGas aaék systems'whiﬁh are
capable of absorbing nitrogen tetroxide or hydrazine to a 1,000 ppa level
will be worn by those conducting the test. The mask systems will be
availeble to all observers. Self-contained breathing apparétué will be
available to all the personnel involved, both those ccnduéting the tests and

the observers, should the hazardous vapor concentration render the face mask

useless. Oxygen resuscitation equipment will also be availabl:. The
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respiratory protection will be supplied by MSAR for those conducting the

tests and the predetermined Air Force and Aerospace Corporation personnel.

Gloves, protective suits, wnd face shields will be worn by thuse in the
area during the filling, foam applicatiouns, and cleanup operations. Fire
turnout and fire entry suits will be used by all personnel opcrating in the
fire test area. All of the personnel actually invoived in the test work
have experience with the two chemicals. The access roadg to the test site
within the risk area will be closed as directed by NTS. The NTS hospital
will he notified before actual testing is started to insvure they are fully

awarc of our schedule and the hazardous materials to be tested.

a. Equipment and Facility Safety. All tests will be conducted in
slainless steel pans which are inert to both the fuel and oxidizer. All
tests will be conducted in the open and no contact between propellant and
structures is expected. Test locations will be sufficiently far removed
from structures and accumulations of combustible natural materials to insure
that there can be no deleterious effects from radiant energy release. This
is particularly true for a few lests which involve long term contsct between
nitrogen tetroxide and the Class A combustibles (wood and tires).

Laboratory tests have shown that these fires can release spurks and burn
with high 1ntensaty,

b. Personncl Safety. The test arca will be divided into three zones:
7 ne | shall extend 20 feet in all dirvections from the test point, Zene 2

11 extend 40 feet in all directions from the test point, and the finasl
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zone will be that area upwind of the 40-foot exclusion area. All personnel
in observer status shall remain in Zone 3 unless otherwise permitted by the
test divector. Those personne] working within Zone | during a spill or five
sequence shall wear total encapsulating clothing and self-contained
breathing apparatus. When a spill or fire is effectively controlled by
foam, breathing protection may be reduced to Rocket Fuel Handler Canistoer
masks at the discretion of the test director. All personnel within the
intermediate zone, more than 20 but less than 40 feet from the test point,
shall wear Rocket Fuel Handler Canister masks during active spills or fires,
This protection, at the discretion of the test director, may be reduced to
respiratcrs approved for organic vapors when the test is under effective
foam control. Repirators approved for organic vapors must be carried by all
personnel at all times when in Zone 3. This zone will be monitored
routinely for propellant vapor during all active test operations. [ -vels
exceeding the TLV for either propellant shall be assessed by the test
director to determine a need for observer evgcuations. Should such
avacyation be ordered, the respirators shall be douned and utilized until
directed otherwise by the test director or his designee. The mode,
direction, and distance for evacuation shall be determined by the test
director. No deviations from these procedures will be allowed on the test
site unless all propellants are totally contained within approved vessels.
Regardless of conditions, respirators approved for organic vapors shall be
carried by all peraonnel at all times unless higher levels of breathing

protection are mandated.
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v. TECHNICAL REQUIREMENTS

. The test plan shall be approved by the Subtask Officer before
conducting any tire testing of the hypergolic propellunts.  Test
confryurations, operations and locations snall be approved by NMERI. All
data concerning {o.am performance and the associaled recording
instrumeniation shall be provided by NMERI. Site preparation, safety
procedures, foam and required equipment to produce foam, protective
clothing, test pits, waste disposal, test configuration materials, and the
storage, handling and application of foams sud propellants shall be provided
trom AL Contract FI2600 83-C-0615. Bquipwent for plume and waste sample

collection suall be provided by NMERT.

H NMEND ccorsonne) shall direoct the fize testaing. Overriding direction
shall be given by the subtask project officer to meet envirenmental and
anfety requirements.  Personnel to handle fusls/oxidizers, the foum
generation and application, and test configurations shall be provided froam
AF COntenct FA2000-HI-C-0615. All data recording shull be provided by
MMERT.  All evalaations, analyses, and reporting shall be done by MNMERI.
Testing, recording, and analysis methods shall be approv. d by the Sabtask
Officer. A final report and video documentation shall be prepared.  The
performance of foams wnd equipment shull be presented. A deaft military
specifications sha'l be preopared.  All methods, operations, rvesults,

conclusions and recommendations for fire suppression shall be reported.
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c. Specification testing shall be accomplished to provide data similar to
MIL-F 243R85C for incorporation into a complete military specification. all
evaluations and reporting Rhull' be done by NMERI. Testing, recording and
analysis methods shall he approved by the Subtask Officer. A final report
and video documentation shall be prepared. A draft military specification
shall be prepared. All mothods, operations, results, conclusions, and
recommendat ions for fire suppression shall be reported.

d. The test listing, schedule and matrix and the Environmental Samoling

Plan are attachments | thiough 4 to this vlan.

Prepaved by:

e e e e are e tmae e e b e E mat e e n tant A mem e

Mr. Tim Stepetic, Principal lovestigalor Date

Reviewed by:

B T T T

Dr. Dennis 8. Zallen, AFT Manager Date

Approved by: .

B LR L Dy U U S e L Y SRS VISR W

Mr. Joe Walker, AF Task Officer Date
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APFENDIX E

TEST ORMANTZATIONAL CHART
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FIRE SUPPRE3SION TESTING OF
HYPERGOLIC VAPOR CINTROL FOAMS
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FQAMS

Test #_ _ A-1 Date 11/13/85 Weather

Fuel MMH _ Amount_53 gallons Temp 36°F

Wind N 17 mi/h

Foam MSA ASE-95 o Expansion Low

Nozzle___ 6 pal/min Configuration__ Single

Pan Size/Shape,___52.5 ft2 /__square New__ X Used
Pour Start 1401 Complete 1409

Fuel Ignition 1412

Foam Application__ 1413

Extinguishment 1414 Total Extinguishment Time_l minute 18 seconds
surn-of £ Start 1500 Complete 1539
REMARKS

1. Nozzle heconme paxtgully obsLtucLod at bﬁﬂxnninp of foam flow -- either

—from foreipn materis nozzle is

4 _gal/min,

2. _Wand test caused slight flare-ups on three_sidas but they self-

extinpuished immediately,

3. Chimney test with 1 minute burn resulted in extinpguishwent {n less thau

9 secends,

O, MMH is very difffcult to relznite for burn-off,

5. Test was sampled,
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FIRE SUPPRESSTON TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test #___A-% Date___11/14/85 Weather

Fuel MMH Amount_55 gallons Temp 46°F
Wind NE 6 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle__ 2 gal/min Configuration__ Single

Pan Size/Shape___52.5 ft2 /__square New__ X Used

Peur Start 1308 Complete 1320

Fuel Ignition 1322

Foam Application____1324

Extinguishment___ not achieved Total Extinguishment Time N/A ———

burn-off Start N/a Complete 1350

REMARKS

1.  Preburn was 2 minutes, , ,

2. _Fire appenred to burn up foam at midpoint of pan,.not allowing it to
reach the backbosrd,

3 oam_allowed to flow 5 miguteg -- did n ontro extinpuish
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FIRE_SUPPRESSION TESTING OF HYPERGOLIC VAPOR_CONTROL FOAMS

Test # A-3 Date 11/14/85 Weather

Fuel MMH Amount_55 gallons Temp___ 45 F

Wind NE 6 mi/h

Foam MSA ASE-95 Expansion Low
Nozzle___3 gal/min Configuration___Single

Pan Size/Shape 52.5 ft2 / _square New___ X Used
Pour Start 1458 Complete 1509

Fuel Ignition 1510

Foam Application__ 1511

Extinguishment 1213 Total Extinguishment Time2 minutes 13 seconds
burn-off Start 1545 Complete 1645
REMARKS

1, Small flares along sides o an during wand cest, self- xtinpuished in

less _thap 20 secounds,
2, _Chimney test self-extinguished in 27 seconds,
3. Test was sampled,




FIRE SUPPRESSION TESTING QF HYPERGOLIC VAPOR CONTROL FOAMS

Test #___A-8 Date 11/17/85 Weather

Fuel MMH Amount_55 gallons Temp 50°F

WindNW 20 mi/h

Foam MSA ASE-95 Expansion High
Nozzlie___118 ft%[min Configuration__ Single

Pan Size/Shape___52.2 ft2 /__square New Used___ X
Pour Start 1510 Complete 1518

Fuel Ignition 1519

Foam Application__ 1520

Extinguishment 1521 Total Extinguishment Time_] minute 1 second
burn-off Start 1530 Complete 18630
REMARKXS

1. Foam tanks pressurized at 100 lb/in? --_pressure at nozzle was 30 lb/in?
2, Very orderly, clean test,
3. Test was sampled,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR GONTROL FQAMS

Test #___A-15 Date__ 11/17/85 Weather

Fuel MMH : Amount_55_gallons Temp 52°F
WindNW 17 mi/h

Foam MSA ASE-935 Expansion Low

Nozzle___b6 gal/min Configuration___Single

Pan Size/Shape__ 52,5 ft2 [/ __square New ¥ Used

Pour Start 1353 Complete 1401

Fuel Ignition 1403

Foam Application___ 1404

Extinguishment 1405 Total Extinguishment Time_l minute 12 seconds
burn-off Start 1415 Complete 1500
REMARKS

1, This test provided the fourth data point to establish a credible design
rate curve -- design rate determined to be 4 gal/min,
2, No wand or chimney test performed,
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RE_SUPPRESSIO STING OF HYPERGOLIC VAPOR CONTROIL, FQAMS

Test #___A-9 Date__ 11/18/85 Weather
Fuel MMH Amount_30 gallons Temp 40°F
NNE 28 mi/h
Wind_gusts to
46 mi/h
Foam MSA ASE-95 Expansion High
Nozzle___ 24 fczlmin Configuration___Single
Pan Size/Shape__ 52,5 ft2 /. __square New Used___X
Pour Start 1009 Complete 1012
Fuel Ignition 1014

Foam Application__ 1015

Extinguishment___not achieved Total Extinguishment Time N/A
burn-off Start N/A Complete 1035
REMARKS
1. No extipguishment or control after S minutes of foam application,

¢ dry spots appea n_pan after bur t have no effect on test
——Xesults

esults,
3. Winds threatened to ignite brush behind pan,
4, Test was sampled,
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FIRE SUPPRESSION TESTING OF HYPERGOLIGC VAPOR CONTROL FOAMS

Test #___A-10 Date___11/18/85 Weather
Fuel MMH Amount_355 gallons Temp 42°F
W 15 mi/h
Wind_gusts to
29 mi/h
Foam MSA ASE-95 Expansion High
Nozzle___ 55 fc3/min Configuration__ Single
Pan Size/Shape_ _52.5 ft2 /___square New Used__ X
Pour Start 1450 Complete 1457
Fuel Ignition 1459

Foam Application__ 1500

Extinguishmenit___not achieved Total Extinguishment Time N/A
burn-off Start_____N/A Complete 1550
REMARKS

1. No extinguishment oxr contrel after 5 minutes of foam altheough foam came

close to achieving control,

2, In lesser wind, foam would have extinguished in 2 to 3 minutes,

3., Test was sanpled,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test #___ A-16 Date_ 11/19/85 Weather

Fuel MMH Amount_535 gallons __ Temp 42°F
light and

Wind_variable

Foam MSA ASE-95 Expansion High

Nozzle___ 79 ft3/min Configuration_24 ft3/min + 55 ft3/min

Pan Size/Shape____52.5 ft2 / _square New Used__ X

Pour Start 1420 Complete 1429

Fuel Ignition 1431

Foam Appiication___ 1432

Extinguishment 1433 Total Extinguishment Time_l minute 15 seconds
burn-off Start 1659 Complete 1530

REMARKS

1. Good test effectiva extinguishment, .

2. Since burn-off set up very cleanly, 535 fr”/min nozzle was used for
—_p -back” test, Feam extinguished fire i minute 50 seconds,
excapt for badly wa: : Cf s tlate from o nal _test

'canginued to_burn,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL_FOAMS

Test #__ D-15 Date_ 11/19/85 Weather
Fuel AH Arount_55 gallors Temp___&OoF
light and

Wind_variable

Foam MSA ASE-95 Expansion Low

Nozzle__ 4 gal/min Configuration__ Two_tandem 2 gal/min

Pan Size/Shape 50 ft2 _/ _square New___X Used

Pour Start 1135 Complete 1146

Fuel Ignition 1150

tuam Application__ 1151

Extinguishment 1152 Total Extinguishment Time_l minute 12 seconds
burn-off Start 1215 Complete 1300
REMARKS

1, The ashestos wrap for the nozzle began te burn and_melt during preburn,
therafore the preburn was shortened to 30 secounds, At this time,

however, fiye was considered to be fully developed,
2. No visible rejignivion during wapd test,
3. Chimney test self-extinpuished in less than 10 seconds,
4, _Test was sampled,
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FIRE SUPPRESSION TESTIN" OF HYPERGQOLIC VAPOR CONTROIL_FOAMS

Test #___A-1A Date___11/20/85 Weather

Fuel MMH Amount_25 gallons _ Temp___ﬁigﬁ___
Wind_SE 6 mi/h

Foam MSA ASE-935 Expansion Low

Nozzle_ 2 gal/min Flared AFFF Configuration___Single

Pan Size/Shape__ _28 f;z /__round New_ X Usad

Pour Start 1227 Complete 1232

Fuel Ignition 1233

Foam Applicatlon___1234

Extinguishaent__ not achieved Total Extinguishment Time N/A

burn-off Start N/A Complete 1305

REMARKS

L >am wa; plup g ed_into middle oﬁ pa n which producgg gsxbxlong le

bnck of the pan (twice) the foam annea:nd to berin to eat up_and

extinguish,

129




FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR_CONTROL_FOAMS

Test #___B-16 Date 11/20/85 Weather
Fuel UDMH Amount_55 gallons Temp 40°F

Wind_S 3 mi/h

Foam MSA ASE-95 Expansion High

Nozzle__ 79 ft3[min Configuration_24 ft3jmin + 55 ft;[min
Pan Size/sShape p1Y ft2 _/ __squarve New Used___ X

Pour Start 1441 Complete Las5]

Fuel Ignition___ __ 1452

Foam Application___16355

Extinguishuent 1501 Total Extinguishwent Tiweé minutes 30 seconds
burn-oftf Start 1520 Completa 1610
REMARKS

L, Prehurn was 2 minutes 30 seconds, due to opened disconnesct in foam hose,

2. Fire was actually contrvolled §1 3 minutes 30 seconds, but 1t took 3 more
minutes te extinguish cornexs, . .

3. _The heat and intensity ef rhe fire byroke the high-expansion down_to low
expansion, which effectively sezled, Tha newly applied bigh-expapnsion
moved slowly over the low-expansion seal jnto the vorners, B

4, The UDMH proguced no_wisible rapors during pour and looked relatively . |
bonign, Upon jpnition, however, {& produged a hiph (10 - 15 feut),
turbulent and bright ovanpe {lawe,

S Test was sampled,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL_FQAMS

Test #___D-16 Date___11/20/85 Weather
rfuel AH Amourt_53 gallons Temp__,37°F
light and
Wind_variable
Foam MSA ASE-95 Expansion High
3
Nozzle___ 79 ft3/min Configuration_24 ft™ /mip + 55 fgi/min
Pan Size/Shape__ 30 ft2 /__square New__ X Used,
Pour Start 1043 Complete 1051
Fuel Ignition 1053
Foam Application___1054
Extinguishment 1055 Total Extinguishment Time___45 seconds
burn-off Start____ 1115 Complete 1200
REMARKS
1., Preburn was 1 minuce 25 seconds,
2. During foam application, quick disconnect opened and 5 seconds of —
arplication time was lost,
3, Test was sampled,
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FIRE SUPPRESSION TESTING

OF HYPERGOLIC VAPCR CONTROL FOAMS

Test # A-24-1

Fuel MMH

Foam Ansulite ARC 6 percent

Nozzle 6 pal/min

Date 11/21/85 Weather

Amount_55 gallons Temp 46°F

Wind_N 5 mi/h

Expansion Low

Cenfiguration__ Single

New Used X

Pan Size/Shape 50 ft2 / _square

Pour Start 1253

Fuel Ignition 1301

Foam Application___1302

Complete 1300

Extinguishment 1303 Total Extinguishment Time_l minute 15 seconds
burn-off Start 1315 Complete 1335

REMARKS

1, Foam applied fer full 5 minutes,

2. _No rejgnitions on wapd test,

3, _Foam extinguished flame 5 seconds after chimuey removal,

4, After initial extinpuishment. foam percolated with appearance of

releasing vapors,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CGNTROL FOAMS

Test #___A-24-2 Date__ 11/21/85 Weather

Fuel MMH Amount_55 gallons Temp___ilff;__
Wind_S 3 mi/h

Foam___Ansulite ARC 6 percent Expansion Low

Nozzle__ 4 gal/min Configuration___Two tandem 2 gal/min

Pan Size/Shape__ 50 ft2 /__square New Used___X

Pour Start 1424 Complete 1433

Fuel Ignition 1434

Foam Application__ 1435

Extinguishment 1439 Total Extinguishment Time___ 4 minutes
burn-off Start 1450 Complete 1520
REMARKS

1., Foam applied for full 5 minutes,

2. No rzignition on wand test.

3. . Upon removal of chimne
inutes hole increased to 24-inc

4, roam percolated similar to A-24-1,




FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # B-15 Date 11/21/85 Weather
r'4

Fuel UDMH Amount_55 gallons Temp 42°F i

Wind S 2 mi/h

Foam MSA ASE-95 Expansion Low
Nozzle__ 4 gal/min Configuration__ Two tandem 2 gal/min
Pan Size/Shape 50 ft2 / _square New Used__ X
!
!
Pour Start 1055 Complete 1103 ‘
1
Fuel Ignition 1104 '

Foam Application 1105

Extinguishment___net achieved Total Extinguishment Time N/A

burn-off Start N/A Complete 1200

REMARKS

1. No control or extinguishment after 5 minutes of foam application, i
2. A very hot and intense fire, -

It appears that desipn rates based on MMH arve insufficient for UDMH,
Test was sampled,

& o

134




FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPQOR CONTROL _ FOAMS

Test #___A-23 Date__ 11/22/85 Weather
Fuel MMH Amount_55 gallons Temp__ 31°F
light and

Wind_variable

Foam__ Ansulite AFFF 6 percent Expansion Low

Nozzle___6 gal/min Configuration____Single

Pan Size/Shape___ 59 ft:2 /__square New Used___X

Pour Start 0946 Complete 0956

Fuel Ignition 0957

Foam Application___ 09538

Extinguishment 1001, Total Extinguishment Time2 minutes 5] seconds
burn-off Start 1020 Complete 10435

REMARKS

1, Foam applied for full 5 minutes,

2. No reignitions on wand test,

3., On chimney test, hole enlarged very s}l afte inutes of burn

4 mpressions wexe that & gal/miy cation rate would not have

extinpguished fire,
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FIRE SUPPRESSION TESTING OF HYPERGOLIGC VAPOR CONTROL FOAMS

Test #__ E-15/F-15 Date 11/22/85 Weather

Fuel MMH Amount_55 gallons Temp___53°F

Wind S 8 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle___&4 pal/min Configuration___Two tandem 2 gal/min
Pan Size/Shape 50 ft2 /___square New Used ___X

Pour Start 1358 Complete 1407

Fuel Ignition 1408

Foam Application___14Q9

Extinguishment 1611 Total Extinguishment Time2 minutes 20 seconds
burn-off Start 1435 Complete 1530
REMARKS

1. Firxe was under control fn I minute 5 seconds -- swall but persistent
fire remained jn two corpers behind obstruction -- obstruction and metal
same_as _test number E-16/F-16.

2. __Pan cracked at edge seam and began to leak part way throuph pour, Drip
and _heavy accumulation of vapors upder pan_-- neither drip nox vapors
jgnited upon fuel ipnition,

3. _Wand test caused no reipnitiou with heavy ewphasis around ebstruction
and metal

4. Did not perform chimney test due to pan_leak,




FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL. FOAMS

Test #__ _E-16/F-16 Date__ 11/22/85 Weather
Fuel MMH Amount_55 gallons Tenp, 48°F

Wind S £ mi/h_

Foam MSA ASE-95 Expansior High , |
Nozzle__ 79 ft3/min Configuration_24 ft3[m1n + 55 ft3/min

Pan Size/Shape___ 50 f;z /__square New Used___X

Pour Start 1154 Complete 1203

Fuel Ignition 1205

Foam Application____1206

Extinguishment 1206 Total Extinguishment Time 39 seconds
burn-off Start 1225 Complete 1310
REMARKS

1, At 1204 a rusty bayrel was placed in the middle of the pan and wired
together assemblage of rusty metal pieces was nlaced 1 foot from the

— barrel, Upon placement therxe was no visible reaction between the metal
and MMH,

2. Foam flowed around obstruction with no difiicultv.

——
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test #___ A-1B Date 11/24/85 Weather

Fuel Leaded gasoline Amount_25 gallons Temp 52°F

Wind SE 5 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle__ 2 gal/min Configuration__ Single-flared AFFF type
Pan Size/Shape___ 28 ft:2 /__round New Used _ X

Pour Start 1210 Complete 1212

Fuel Ignition 1214

Foam Application__ 1215

Extinguishment___not achieved Total Extinguishment Time N/A
burn-off Start N/A Complete 1250
REMARKS

1, Foam controlled fire at approximately 3 minutes -- continuing edge fire

and small center vapor fires,

2 During burn-off foam showed od sealing characteristics,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test #__ N-29 Date 11/24/85 Weather

Fuel Heptane Amount_55 gallons Temp 52°F

Wind_SW 5 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle___ 4 gal/min Configuration___Two tandem 2 gal/min
Pan Size/Shape___50 ft2 / _square New Used__ X

Pour Start 1114 Complete 1118

Fuel Ignition 1120

Foam Application__ 1121

Extinguishment 1124 Total Extinguishment Time2 minutes 57 seconds
burn-off Start___ 1135 Complete 1205
REMARKS

1. Control achieved in 1 minute 15 seconds,
2.  Wand test produced slight side flaring for 2 to 3 seconds,

3, Chimney test self-extinguished in 4 seconds,

4, One nozzle experienced partial block during application -- estimate 3 to

in application rate,

. a
5. Extremely hot fire .- warped pan badly.
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FIRE SUPPRESSION TESTING OF HYPERCOLIC VAPOR CONTROL FOAMS

REMARKS

burn-off Start

1315

Test #__ N-30 Date__ 11/24/85 Weather
Fuel Heptane Amount_55 gallons Temp 53°F
Wind S 6 mi/h
Foam MSA ASE-95 Expansion High
Nozzle___ 79 ft}/min Configuration_24 it3/min + 55 ft3/min
\ Pan Size/Shape 50 ft2 _/  sguare New Used X
Pour Start 1257 Complete 1302
Fuel Ignition 1303
Foam Application___1304
Extineuishment 1306 Total Extinguishment Time_l minute 35 seconds

Complete 1400
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FIRE _SUPP ESSION TESTING QOF HYPERGOLIC VAPOR CON'TROL_ FOAMS

Test #__ H-8 Date__ 4/15/86 Weather

Fuel Diesel Fuelmzo5 Amount_30 galions ea Temp 69°F
SW 17 mi/h

Wind_zusts to

26 ni/h
Foam MSA ASE-60 Expansion High -
Nozzle___ 142 ft3/min Conftiguratisn_118 ftBLngg+ 24 ftslmig_
Pan Size/Shape___ 5Q ft2 /__square New Used _ X _
Pour Start 1120 Complete 1133
Fuel Ignition 1134
Foam Application___ 1135
Extinguishment 1139 Total Extinguishment Time3 winutes 30 seconds
burn-off Start 1135 Complete 1212
REMARKS

1, 30 pallons of BEQ! poured into pan via 20-foot PVC extension from one-

ton_cylinder,

2. Cylinder then moved 50 feet back and 30 gallons of diesel poured from

10-foot extension to 35 pallon drum of diesel,
3. One minute preburn,

4, Fixe initially extjinguished at 3 minuces 20 seconds -- self-reignited 5

seconds latey -- continued foam achieved final extinpuishment at 3
minutes 50 seconds,

Frequent gusts terfered w am_a cation -- estimate under noxinal
wind conditions (6 to 12 mi/Nh) application yxate would have extinguished
n_approximate inutes,

6, Extremely intense fire -- we feel that in future diesel fires, a 20
second preburn will allow for a fully developed firxe,




FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # H-9 Date 4/15/86 Weather
Fuel Diesel Puel/Nzoi Amount 30 pallons ea Temp, 71°F _
’ SW 21 mish
Wind_gusts to
37 mi/h
Foam MSA ASE-60 Expansion High
Nozzle_ _ 236 ftj/min Configuration_Two tandem at 118 ftalmin
Pan Size/Shape 50 ft2 /__square New Used___X
Pour Start 151¢ Complete 1536
Fuel Ignition 1537
Foam Application___ 1537
Extinguishment 1539 Total Extinguishment Tlwe_ ) minute 5 saconds
burn-off Start 1550 Complete 1615
REMARKS
1. Preburn _reduced to 30 seconds, v
2. A baffle was added to the foam apparatus to reduce tha hipgh wind effect .
3. Essentially the baffle was the top of a 55 esallon drum sut to _thread
onto _the pipeline cf 24 jnches behind the front of the neozzles, In_this
the baffle led to better foam formatjon with less wind fnduced .
dispersion. .
4, While the pust velocity was higher during this test, the dominant winds

wore steady at 17 to 23 mi/h and pusts were infrequent,

-
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR GONTROL FOAMS

Test #__ H-8R Date_ __ 4/16/86 Weather
Fuel Diesel fuel/N O, Arount_30_gallons ea Temp S39F
AN .
SW 9 mi/h
Vind gusts to
14 mi/h
Foam MSA _ASE-60 Expansion i.igh
Nozzle 142 ft3/min - Configuration_l18 f;3/min + 24 ftJ/min
Pan Size/Shape_ 50 ft2 /__square New, Used___X
Pour Start 0943 Complete 0958
Fuel Ignition 1000

Foawm Application___1001

Extinguishment_ 1003 Total Extinguishment Time_l wminute 48 seconds
burn-off Starg 1016 Completa 1047
REMARKS

Jo_Test H-8 was ypepeated to see if botter results were possible in nominal _
winds --_this proved to be the case, The in-place baffle was also
continued to assess Lt's effact,

R ”he Last ugg,ﬁa:rigd oLt witn g ngghlewg gnd ¢ hg xa ate of 162 fr [m;n‘_
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPNR CONTROL FOAMS

Test # H-10 Date L/16/86 Weather
Fuel Diese) Fuel/N_ O, Amcunt_30 gallons ea Temp 56OF
AN .
SW 8 ml/h
Wind_gust to _
13 mi/h
Foam MSA ASE-60 Expansion High

Nozzle 118 ft3/min

Configuration___ Single

Pan Size/Shape 50 ft2 / __square ___ New Used___ X
Four Start 1044 Somplete 1102
Fuel Ignition 1103

Foam Application__ 1106

Total Extinguishment Time_} mipnute 4] seconds

Complete 1135

Extinguishment 1109 .
burn-off Start 1115
REMARKS

1. _Development of active froth between diesel and N O, made this mixture

extremely difficult to jsunite. Heptane {pnitex Qoﬁzca wis moved to

nonfroth diesel avea, this mixtuin fgnited,

2. Developpent of intense fire occurred oxtremely fast

3, During preburr middle of pan (23 pepcent) warped to hi}h side and

supported no liquid or

flame,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROIL FOAMS

Test #__ K-26 Date__ 4/16/86 Weather
Fuel _ Tirem?oE - Amount_20 gallons N_O Temp 59°F
; 2=4 - "
W 8 mi/h
Wind_gusts to
17 mi/k
Foam MSA ASE-60 Expansion High
Nozzle__ 142 ft3lgin Configuration_ 118 ftBZmin +_24 ft3(min
Pan Size/Shape 50 ft2 /__square New Used___ X _
Pour Start 1354 Complete 1401
Fuel Ignition 1402

Foam Application___1404

Extinguishment 1407 Total Extinguishment Time2 minutes 30 seconds
burn-off Start 1420 Complete 1429
REMARKS

1 2 pallons of heptane poursd into inner tire casing for ignition,
2.2 minute preburn,
3, Total fire extinguishment was straisht-forward,




FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR_CONTROIL_FOAMS

Test # C-16

Fuel A-50

Foam MSA ASE-95

Nozzle 79 ftj/min

Pan Size/Shape 50 ft2

Date_ _4/17/86 Weathex
Amount_55 _gallons Temp 62°F
SW 5 mi/h
Wind_gusts to
13 mi/h
Expansion High

Configuration_24 ft3/min + 55 ft3/min

/ __square New Used X _
Pour Start 1220 Complete 1229
Fuel Ignition 1231
Foam Application___ 1232
Extinguishment 1236 Total Extinguishmenc Time3 minutes 30 seconds
burn-off Start 1250 Complete 1317
REMARKS

1. _Five under control in 2 minutes, totally extinguished in 3 minutes 30

seconds .

2, 1 minute preburn,
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FIRE SUPPRE TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS
Test #___C-16A Date__ 4/17/86 Weather
Fuel A-50 Amount_55 gallons Temp, 57°F
SE 7 mi/h
Wind_gusts to
14 mi/h
Foam MSA ASE-95 Expansion High
Nozzle__ 118 fc3/min Configuration__ Single
1
| Pan Size/Shape___ 50 £e2 /  square New Used__ X
Pour Start 1050 Complete 1059
Fuel Ignition 1100

Total Extinguishment Time2 minutes 15 seconds

foam Application___1101
Extinguishment 1103
burn-of{ Start 1120

Complete 1155

REMARKS

minutes 15 seconds,

1 Fire undex contrel in 1 minute 30 seconds, totally extinguished in 2

2. 1 minute preburn,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FQAMS

Test # I1-16 Date 4/23/86 Weather

Fuel Diesel Fuel/Nzoh Amount_30 gallons ea Temp___ 62°F

WindNE 7 mi/h_

Foam____MSA ASE-60 Expansion High
Nozzle___142 fc3/min Configuration_118 fti/min + 24 ft3/min
Pan Size/Shape___ 50 ft2 /___square New, Used__ X

_i
Pour StartOverniehnt (14 hours) Complete N/A i
Fuel Ignition 0655

Foam Application___ 0657

Extinguishment 0639 Total Extinguishment Time_2 minutes 4 geconds
burn-off Start 0710 Complete 0735
REMARKS

1, 1 minute preburn, !

2, Five developed very slowly, Hot after initial development, but
decreased guickly in inteusity., Residual heat injtially inhibited good
foam devalopment and_consumed foam,

3. Ovarall fire not nearly as intense as with fresh N;OQ,

b Diesel/NEO& mixture aged 14 hours, )
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # L-26 Date 4/23/36 Weather

Fuel Tire/Nzoé Amount_20 gallons NZO& Temp 59°F

Wind_NE 5 mi

Foam__ MSA ASE-60 Expansion High

Nozzle__ 142 ft3/min Configuration_l118 fci[min + 24 ft3/min

Pan Size/Shape__ 50 ft2 / . _square New Used___ X

Pour StartQvernight (14 hours) Complete N/A

Fuel Ignition 0638

Foam Application___ 0640

Extinguishment 06¢1 Total Extinguishment Time_) minute 10 seconds

burn-off Start N/A Complete N/A

REMARKS

1, Tire was ignited with 1/2 gallon heptane in _center of tire,

2._Good injtial fire but not lasting,

3. Fire extinguishment was fast (1 minute 10 secopds), but N.Q, _vapor
continued to percolate strongly through foam, ‘-

4, Tirxe was severly pjtted and deterforated wheye it was in contact with
N, O

3, IixSZEig! was aged_ 16 hours,
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FIRE SUPPRESSTON TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test #____0-26 Date__ 4/23/86 Weather
Crib-8 std. pallets o
Fuel Wood Crib/NnOd AmountNAOQ-BO gallons Temp__ 72°F
‘ Hépcane-3 gallons SW 17 mi/h
Wind_gusts to
29 mi/h
Foam MSA ASE-60 Expansion Low
Nozzle__ Mini-X 1500 ft3/min Configuration___Single-elevated
)
Pan Size/Shape__ 50 ft~ / square New Used___X
Pour Start 1020 Complete 1026

Fuel Ignition 1029

Foam Application_1032 (Foam reaches pan)

Extinguishment___1042(control) Total Extinguishment Time22 minutes from foam

start
burn-off Start N/A Complete N/A

REMARKS

L. NFPA 11-A test with pen and crib to test foam apainst class 4

combustibles, Pen is 120 feet long by 19 feet wide and 10 feet high,

No_constructed bottom or top -- sidas are 2 x & inch frame with heavy

plastic lindng, Last 20 feet of pan is galvanized sides and bottom.

Orientation of pen_is at 240" (foam generator) toward 060 (wood ¢ribs).

Hini-X mounted at 9-foot level, back of pen, Woad crib is composed of 8

standard pallets stacked on_top of 3-foot by 3I-foot by 12-inch_deep pan

contajining heptane, The heptang pan _{s resting on concrete masonry

N o 4
blocks in _the center of a 50 ft” square papn, centered on the 15-foot by

20-foot metal at the end of the pen,
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2, The foam began to flow at 1020 at which time 30 gallons of N O were
poured into the 50 ft° pan through a hole in the pen wall, fThe foam
moved fairly well down the pen but was broken up considerably by the
wind which blew a lot of foam out of the pen. When the front end of the

foam was judged to be three minutes from the fire, the heptane was lit
(1029) .

3. The foam reached the fire at 1032, The heat build-up on the metal wall
surrounding the crib tended to break up the foam,

4. At 1040, the burning crib collapsed into the pan of N.O, , enabling the
control of the fire at 1042, Control is defined as no visible flame,
although N O, fumes were very prevalent,

5., The foam gfoauction was ceased at 1050 and the wood crib reignited at
1105,

6, The two major detrimental factors in this test were the wind and the
metal enclosure portion at the end of the pen, The wind, in addition to
breaking the foam, reflected from the metal rear wall of the pen,

inhibiting foam build-up in the pan area, The hot metal enclosure
around the pan contributed heavily to foam break-u the pan area

Both of these problems could have been alleviated somewhat if the metal

portion of the pen had been constructed with hardware screen,




FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROI FOAMS

Test #___ N-30 Date_ 4/24/86 Weather
Crib-8 std. Pallets o

Fuel Wood Crib/Heptane AmountHeptane-3 gallons Temp__ 74 F

) SW 15 mi/h

Wind_gusts to
23 mi/h

Foam___MSA ASE-60 Expansion High
Nozzle__ Mini-X 1500 ft3/min Configuration___Single-elevated
Pan Size/Shape___50 ft2 _/__square New Used___ X
Pour Start N/A Complete N/A

Fuel Ignition 1341

Foam Application_l344 (foam reaches pan)

Extinguishment___ 1349 (control) Total Extinguishment Timel7 minutes from foam
start

burn-off Start__ N/A Complete N/A

REMARKS

1, Foam was started at 1332 and moved well down the pen,
2, Wind was only a minor fantor in this test,

3. Crib confipuration same as in 0-26 without N O, ,

4, Test ran well with controel achieved in 17 mifiutes.

5. Foam was ceased at 1602 and crib reignited at 1412,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROI, FOAMS

Test #___C-15A Date__ 4/26/86 Weather
Fuel A-50 Amount_55 gallons Temp 58°F
NW 15 wi/h
Wind_gusts to
37 mi/h
Foam___ MSA ASE-95 Expansion Low
Nozzle__ 6 gal/min Configuration__ Single
Pan Size/Shape__ 30 ft2 /_.square New, Used__ X
Pour Start 1004 Complate___ 1013
Fuel Ignition 1015

Foam Application___1016

Extinguishment 1020 Total Extinguishment Time3 minutes 30 seconds
burn-off Start 1030 Complete 1055
REMARKS

1, Fire was controlled in 25 seconds and 98 percent extinguished in 1
minute 30 geconds,
Frequ d_last usts of over 35 mi/h preverited foam from reaching
the back corners of the pan in sufficient quantity to set up and
extinguish,

s _contirued for a2 full 5 minutes,

4, There were no rajignitions during the wand test and the chimney test
self-extinguishment was 6 seconds,

5. _This test was sampled,

153 :




FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR GONTROL. FOAMS

Test #___ C-15B Date____4/26/86 Weather
Fuel ___ A-50 Anount_35 gallons Temp 58°F
NE 20 mi/h
Wind_gusts to
30 mi/h
Foam___ MSA ASE-95 Expansion Low
Nezzle 9 gal/min Configuration_6 gal/min +3_gal/min
Pan Size/Shape__ 50 ft2 / __square New Used__ X
Pour Start 1155 Complete 1203
Fuel Ignition 1205

Foam Application__ 1206

Extinguishment 1207 Total Extinguishment Time_l minute 8 seconds
burn-off Start 1225 Complete 1250
REMARKS

1, Fire was controlled in 25 seconds,

2. Some strong wind pusts during the test but pgenerally winds were
sipnificantly lighter than during previous test {C-15A),

3, Foam was continued for a full 5 minutes,

4,  There were po reipnitions during the wand test and the chimney test
self-extinpuished in less than 2 _seconds,

5. Test was sampled,
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FIRE SUPPRESSION TESTING OF ERGOLIC VAPOR CONTROL FOAMS

Test #__ G-15 Date___4/28/86 Weather

Fuel A-50 Amount_45_gailons Temp, 68°F
Wind NW 3 mi/h

Foam__ MSA ASE-95 Expansion Low

Nozzle___ 5 gal/min Configuration_3 gal/min + 2 gal/min

Pan Size/Shape__ 50 ftz [/ ___square New Used__ X

Pour Start 1009 Complete__ __1016

Fuel Ignition 1018

Foam Application____1019

Extinguishment 1023 Total Extinguishment Time3d minutes 55 seconds
burn-off Start 1040 Complete 1105

REMARKS

1, Fire under control after 1 minute econds,

2, Duriopg 1 minute preburn and prior to foam start pan bowed badly in
middle -- about 20 percent of pan surface raised above the level of the
fuel, This caused the foam to burn_and coagulate axound the pan center,
veventing it from migrat to the forwaxd corners for timely .
extinguishment,
oam_app ation rate J 3
indicate, Foam continued for 5 minutes,
4, There wexre po rejgnitions during the wand test and chimney tuast self-

extinguishment was 10 seconds, -




During the first attempt at this test earlier in the day, the A-50

spontaneously ignited after about 10 pallons were poured into the pan.

Extremely fast action on the part of the spill team prevented the flame

from travelling into the drum with potentially tragic results, Gene

Polite and Steve Stauffer of MSAR turned off the fuel flow and pulled

the drum away from the intense fire in the pan while Jimmy Watson of

NMERI, manning the high pressure hose, kept a steady stream of water

between the drum and pan to prevent flame travel, While A-50 produces

more flame than AH or MMH, the initial flame is not overly wvisible. The

first signs of a spontaneous ignition are the noise and the immediate

disappearance of the vapors directly above the fuel pool. Once the A-50

drum was removed from the pan area, the A-50 in the pan was allowed to

burn-off, We can only speculate as to the cause of the spontaneous

ignition, Most likely it was the high temperature of the pan from 3

hours of direct sun or rust in the pan or a combination of these.

The particular A-50 was an off-spec material;: however, it's

characteristics were close to spec¢ A-50, and 4 other drums from the same

production batch were poured and ignited with no problems. For the

remaining two A-50 burns, the pans were washed thoroupghly immediately

before the pours and during the pours a stream of water was run under

and around the pan for cooling,

Test was sampled.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROIL FOAMS

Test #___C-16B Date__ 4/28/86 Weather

Fuel A-50 Amount_55_gallons Temp__ 74°F
Wind SE 3 mi/h

Foam___ MSA ASE-95 Expansion High

Nozzle__ 173 fti/min Configuration_118 ft3/min + 55 ft3/min

Pan Size/Shape____50 ft2 / _square New Used

Pour Start 1138 Complete 1147

Fuel Ignition 1148

Foam Application___1149

Extingulshment 1150 Total Extinguishment Time___J minute
burn-off Start 1209 Complete 1230

REMARKS

1 _After a 1l minute prebus ad_ 1p.20 seconds and

completely extinzuished i{n 1 minute,

2. Very straight foxward rest.

3, __Test was sampled,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL_ FOAMS

Test #___0-27 Date 4/29/86 Weather
Crib-8 std. pallets o
Fuel Wood Crib/N O, AmountN_ 0O, -30 gallons Temp_ 74 F_
I AR 3
SW 2 ri/h
Wind_gnsts 1o
13 mi/h
Foam___ MSA ASE-60 Expansion High
Nozzle__ Mini-X 1500 ft3/min Configuration__ Single-elevated
Pan Size/Shape 50 ft2 /__square New Used___X
Pour StartQvernight (14 lours) Complete N/A

Fue. Ignition_X + 16 minutes (1103)

Foam Application_ X _« foam stare (1047)

Extinguishment none Total Extinguishment Time N/&
burn-off Start NZA Complete N/A
REMARKS

Pan_ test with wood exib soaked_overnight fuv N.O

Foam stari o at 1047 and moved well to the 805faot point_in 6 _minutes,

1t ook _another 156 _minuter to reach the 100-foet point (above 5 feet

from the front of the pan), At this time (1103} che fire was lit,

The leading edge of the foam was very dry and did not move any Furthey,

At 1113 the foam manel was moved to the midpoint of the pen on the cast .
side, . —

The leading edge of the foam moved a_little furcther but . nly small

patehos reoacheo_the [ire with no effect,

The foam ran out atr 1125 (38 minute~) with peo extin, uishment, Wood ——

crib/N‘Oa was aged for l4 hours,
(A
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test #___A-1R8 Date___4/30/86 Weather
3 N,0,6-30 gallons o
B Fuel A-SO/N,ZOé Amount %-gO -spray Temp__73 F

Wind_SW 6 mi/h

Foam__MSA ASE-60 - Expansion High

¥ Nozzle___ 55 ftBZmin Configuration__ Single

3 Pan Size/Shape___50 ft2 [/ _.sguare New Used__ X
Pour Start N/A Complete N/A
Fuel ignition ‘N/A

Foam Apnlication__ N/A

_ Extinguishment N/A Total Fxtinguishment Time N/A
N burn-off Start N/A Complete N/A
B REMARKS

1. 6 feet above the pan of N.O, a spray nozzle was suspended anu attached
via 1/4 inch stainless to 5 Egilon pressurized cgontainer of A-50 10
feet_from the pan, A solencid was placed in this line adiacent to the

¢ A-50 container and connected to a solenoid power box 80 feet away, 50
feet further awav was the generator powering the solenoid power box,

The solenoid contyol bex was 200 feet further from the power box at the
trailer, thus the clasest personpnel during this test were approximately
280 feet distant, Because of problems encountered with equipment aud
apparatus during preparation, the N.O, was foamed four times in the hour
priox to the A-50 yelease, the 1ast‘timg being 3 minutes before the

T ept o
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first A-50 stream !spray discarded due to plugged nozzle). The first

release of the A-50 produced immediate, violent ignition of the A-50

stream -- a stream dropping into the N,O, pan of the approximate size

: » - i - :
and velocity of a water pistol. A viofent orange-white flame 1 foot in

diameter and S5 feet high was produced, After 20 seconds, the A-50

stream was stopped and the fire immediately ceased., 10 seconds later,

the stream was again activated with the same results. The procedure was

then repeated several times with identical results, Ignition and

combustion sounds were very loud-similar to those produced by a rocket

engine.

[

Because of the violence of this reaction and the set-up difficulty, it

was determined not to proceed with test A-21 (N O, drip into A-50 pan),

N s < S
This decision was based on safety factors and the violence of the hyper-

polic reaction as evidenced in this test. If the foam had any

suppressive effect on the ignition and combustion resulting from this

test it appeared to be a minimal effect at best,
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APPENDIX G
PROPJISED MILITARY SPECIFICATION

This is a self-contained dc-ument with its own internal consistent
style and numbering system.
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MIL-V-XXXX

MILITARY SPECIFICATION

VAPOR SUPPRESSING - FIRE EXTINGUISHING
AGENT, FOAM CONCENTRATES FOR
USE ON HYPERGOLIC PROPELLANTS

This specification is approved for use within the
Department of the Air Force and is availlable for use by all
Department and Agencies of the Department of Defense.

Beneticial comments (recommendations, additions, deletions)
and any per:tinent data which may be of use in improving this
document should be addressed to: Headguarters Air Force
Engineering and Services Center (HQ AFESC/RDCF), Tyndall Air
Force Base, FL 32403-60071 by using the self-addressed
Standardization Document Improvement Proposal (DD Forwm 1426)
appearing at the end of this document or by letter.

AMSC NO. N/A FS8C 6850

DISTRIBUTION STATEMENT A. Approved for public release;
distribution is unlimited.
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PROPOSED MILITARY SPECIFICATION

VAPOR SUPPRESSING-FIRE EXTINGUISHING AGENT, FOAM CONCENTRATES
FOR USE ON HYPERGOLIC PROPELLANTS

1. SCOPE

1.1 Scope. This specification covers the requirements
for gel forming foam liguid combination vapo. suppression and
fire extinguishing agents. The agents consist of appropriate
acrylic gelling agents and alpha olefin sulfonate surfactants
to conform to this specification. The surfactants and
gelling agents are to be supplied as separate entities to be
proportioned into water hcse streams in a ratio of 1 part
gelling agent, 1 part surfactant and 8 parts water by
dispensing equipment at the time of application to liquid
propellant spills.

1.2 Classification. Concentrates shall be of the

following types:

Type F1 - gelling agent for use on spills of
hydrazine fuels or hypergolic mixture
of hydrazine fuel and dinitrogen
tetroxide oxidant

Type ¥F2 - foam forming surfactant for use on spills
of nydrazine fuels or hypergolic mixtures
of hydrazine fuel and dinitrojen

tetroxide oxidant
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Type 01 - gelling agent for use on spills of

dinitrogen tetroxide oxidant

Type 02 - foam forming surfactant for use on spills

of dinitrogen tetroxide oxidant

2. APPLICABLE DOCUMENTS

2.1 Issues of documents. The following documents, of

the issue in effect on date of invitation for bids or request

for proponsal, form a part of this specification to the extent

specified herein.
SPECIFICATIONS
FEDERAL

TT-E-4£9

PPP-C-1337

VYVF-500
MILITARY

MIL-P-25¢€0

MIL-P-26539
STANDARDS
FEDERAL

FED-STD-595

£namel, Alkyd, Gloss (for Exterior
and Interior Surfaces)

Containers. Metal, with Polyethylene
Inserts

Fuel oil, Diesel
Praopellant, Hydrazine-unsymmetrical
Jdimethylhydrazine (50% NpHy - 50%

UDMM )

Propellant, nitrogen tetroxide

Colors
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FED-STD-313 Material safety data sheet,
preparation and submission

MILITARY

MIL STD 105 Sampling Procedures and Tables for
Inspection by Attributes

MIL STD 129 Marking for Shipment and Storage

MIL STD 130 Identification Marking of US
Military Property

2.2 Other publications. The folilowing documents form a

part ot this specification to the extent specified herein.
Unless otherwise specified, the issues of the documents which
are DOD adopted shall be those listed in the issue of the
Department cof Defense Index of Specifications and Standards
(DODISS) specified in the solicitations. Unless otherwise
specified the issues of documents not listed in the DODISS
shall be the issuc of the nongovernment documents which is
current on the date of the solicitation.

UNDERWKRITERS LABORATORIES, INC. (U.L.}

UL 162 Standard for Foam Equipwent and Liquid
Concentrates

(Application for copies should be addressed to the

Underwriters Laboratories, Inc., 333 Pfingsten Road,

Northbrook, IL 60062}.
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NATIONAL FIRE PROTECTICN ASSOCIATION {NFPA)

NFPA 412 Standard for Evaluvating Foam Fice

Fighting Equipment on Aircraft Rescue

and Fire Fighting Vehicles

(Application for copies should be addressed to the

National Fire Protection Association, Batterymarch Park,

Quincy, MA 02269).

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

D96

D1068

D1218

D3673

D3716

E70

Test Method for Water and Sediment 1in
Crude Oils

Test Methods for Iron in Water
Refractive Index and Refractive
Dispersion of Hydrocarbon Liguids, Test
for

Chemical Analysis of Alpha Glefin
Sulfonates

Emulsion Polymers For Use in Floorv
Polishes

pH of Aqueous Solutions With The Glass
Electrode

Numbering Metals and Alloys (UNS)
Standard Fractice for Conducting Acute
Toxicity Tests with Fish,

Macroinvertebrates and Amphibians
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(Application for copies should be addressed to the
American Scciety for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103.)

AMERICAN PUBLIC HEALTH ASSOCIATION {APHA)

Standard Methcds for the Examination of Water and Waste
Water.

(Application for copies should be addressed to the
American Public Health Association, 1015 - 18th Street, N.W.,
Washington, DC 20036.)

(Nengovernment standards and other publicatieons are
normally available from the organizations which prepare or
which distribute the documents. These documents also may be
available in or through lib. ries or other informational
services).

2.3 Qrd r of Precedence. In the eve © of a conflict

between the text ot this specification and the references

cited herein, the test df this specification shall take

precedence. Nothing in this specification, however, shall
supersede applicable laus and regulations unless a specific
exenption has been obtained.

3. REQUIPEMENTS

3.0 Intended use. The foam concentrates defined in

this specification a-e intended for use in controlling the
vapor hazard from spills of hypergelic propellantg, hrdrazine

and nitrogen tecroxide. The foams also have ancillarxy
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application for use as a fire extinguishing agent on fires
fueled by hydrazine, or its methyl derivatives, alone or on
Class A or B hydrocarbou fuel fires in which combustion is
supported by nitrogen tetroxide. They are not effective in
extinguishing fires involving hypergclic mixtures of
hyurazines and nitrogen tetroxide but their use is
recommended to control the release of toxic vapors and to
mitigate combustion during those fires.

3.7 Qualification. Liquid concentrate fire

extinguishing agent compcnents furnished under this
specification shall be products which are qualified for
listing on the applicable Qualified Products List at the time
set for opening of bids (see 4.3 and 6.3}).

3.2 Materials. Concentrates shail consist of four
materials, supplied in separate containers. The foain
materials are: An acid-containing, acrylic emulsion
copclymer for the fuel (Type F1), a surfactant for the fuel
{Type F2), an acid-containing, crosslinked acrylic emulsion
copolymer for the oxidizer (Type 01), and a surfactant for
phe oxidizer (Type 02) and other components as required to
conform to performance requiremeniis of this specification.
Each component and the mixtures of individual components
shall conform to the requirements specified. The materials

shall have no adverse effects on the health of personnel when
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used as intended or handled as specified by Air Force
directives.

3.3 Concentrate characteristics. Concentrates, or

solutions made from these concentrates, shail conform to the
chemical and physical requirements shown in Table I and Table
IT.
3.3.1 Stability. The concentrates (Types F1, F2, 01
and 02) shall conform to the following reguirements after 10
days storage at 65°C + 2.0°C (see 4.7.11):
a. Stratification: No visible evidence following
test (see 4.7.15).
b. Precipitation: Less than 0.05 percent by
volume, (see 4.7.16).

3.3.2 Compatibility of concentrates. The concentrates

of one manufacturer shall be compatible in all proportions
with the corresponding concentrates furnished by other
manutfacturers listed on the qualified products list,
Information regarding these materials may be obtained from
the Air Force Engineering and Service Center, Tyndall Air
Force Base, FL, 32403-6001. The concentrate mixtures shall
conform to the following requirements after 10 days storage
ot the concentrates at 65°C + 2.0°C (see 4.7.11):

d. Ftratification: No visible evidence following

test (see 4,7.15)
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b. Precipitation: Less than 0.05 percent by
volume, (see 4.7.16)

3.4 Foam mixture solutions characteristics. Mixtures

of the two components for each of the two types of foams
(Type F and Type O) shall conform to the chemical and
physical reguirements shown in Table II:

3.4.1 Stability. The 10-10-80 premix solution
consisting of 10 parts each of Type F1 and F2 concentrates
and 80 parts of fresh water, or Type 01 and 02 concentrates
and 80 parts of fresh water, as applicable, shall conform to
the following requirements after 10 days storage of the
concentrates at 65°C + 2.0°C (see 4.7.11):

a. Foamability: (See Table II).

b. Fire performance: 50 ft< fire as specified in
3.5.

¢c. Vapor suppression: (See Table II),

3,4.2 Compatibility of foam mixture solution. The

concentrates of one manufacturer shall be compatible in all
proportions with concentrate furnished by other manufacturers
listed on the qualified products list. Information regarding
these materials may be obtained from the Air Force
Engineering and Services Center, Tyndall Air Force Base, FL
32403-6001., The solutions shall conform to the following
requirements after 1(¢ days storage of the concentrates at

65°C + 2.0°C (see 4.7.11):
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a. Foamability: (see Tfable II).
b. Fire performance 50 ft2 fire as specified in
3.5.
C. Vapor suppression: (see Table T1I).
(3.3.2 applies to "“concentrates" while 3.4.2 applies to
"mixture solutions".) |

3.5 Fire performance. The foam shall conform to the

fire performance requirements shown in Table III.

3.6 Marking.

3.6.17 Identification marking shall be in accordance
with MIL-STD-130. 1In addition, the marking on the containers
(see 5.3) shall be in white characters against an orange
background for Types 01 and 02, a red background for Types F1
and F2.

3.6.2 Two identical markings conforming to figures 1,
2, 3, and 4 shall be applied to containers, as appropriate,
so that the markings are located diametrically opposite. The
markings shall be applied on the containers in such a manner
that water immersion contact with the contents of the
containers, or normal handling will not impair the legibility
of the marking. Paper labels éhall not be used.

3.7 Material safety data sheet.

3.7.1 The contracting activity shall be provided a
material safety data sheet (MSDS) at the time of contract

award. The MSDS is form OSHA-20, found in and part of FED
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Physical and chemical requirements tor concentrates or solutions,

Requirement

Refractive
index,
minimum
maximum

Brookfield
viscositly of
concentrate
centipoise
minimum at 25°C

Brookfield
viscosity of 1%
neutralized
solution
centipolse range
minimum
maximum

Hydrocen ion
concentration:
{pH} 108 solution

Density, g/cc
@25%c

Corrosion rate:
General, {mpy)
Localized, pits

% solids
minimum
max imum

Fraction
gelled {(gms/1l)

Iron content
{ppm) max

Environnventai
impact

COoD, mg/L, max
BOD3o/COD, min

Aguatic
Toxicity LDSO
for rainbow
trout (ppm ma:t)

Inorganic Sulfates
maximum

Values Applicable Test
Type F1 Type F2 Type 01 Type 02 publication  paragraph
Fuel Fuel Oxidizer Oxidizer
acrylate surfactant acrylate acrylate
1.3900 - 1.3800 -
1.4100 1.4200 ASTM 1218 4.7.1
- 1640 - 2780 ASTM 371¢ 4.7.2.1
4500 - - 3000 ~ - - 4.7.2.1.1
6000 5000
2.1-4.0 8.7 - 9.3 2.7 - 4.0 8.7 - 9.3 ASTM E70 4.7.3
1.020 - 1.020
1.070 - 1.070 - 4.7.4
1.0 1.0 1.0 1.0 ASTM ES27 4.7.5
none none none none
19.5 - 27.5 - 4.7.6
20.5 28.5
0.2 0.1 4.7.7
S 10 5 10 ASTM 1068 4.7.8
- 1,000,000 - 1,000,000 APHA 4.,7.10,2
0.75 0.75 Standard 4.7.10.3
Methods
1400 8 450 6 ASTM E729 4,7.10.1
- 1.6 - 1.6 ASTM D3673 4,.7.9
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Table II. Performance Requirements for Propellant Foams ~ Quality Control Laboratory Tests

Foam System Evaluated

Requirement Types £1 + F2 over NH4OH Types 01 + 02 over HNOj3
Expansion ratio

minimum 4.0 2.5

maximum 5.0 3.5

25% drainage time

minimum 24 hours 10 minutes
Collapse % in 24 hours

max imum 15 -~

508 collapse time,

minutes, minimum -~ 50

1. Substitute propellant substrates are undiluted, reagent grade ammonium hydroxide and
nitric acid over which foams are applied as specified in 4.7.1.4.
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Table 111. Fire performance.

Type F
Low
expansion
50 ft2 fire {sec (.7.13})
Foam application time to
extinguish, seconds, max 240
Burnback time of resulting
foam cover, minutes, min S
Vapor securing abilaty,
post-fire, concentration, 1 ppm
Pp® maximum Nolig
Foamability:
Foam expansion, [
®inlmum
Foam 254 drainage 12
time, minutes,
miflmum
wand Test flass
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Hyperqolic fuel foams

Type F
high

expanstion

150

N/A

1 ppm
NoHy

200

179

Type O
high
expansion

75

N/A

100 ppm
NOy

200

Pass

Test
paragraphs

4,7,14.0.6
4.7.14. 2.6
4,2,14,).6
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STD 313. The MSDS shall be included with each shipment of
the materials covered by this specification.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise

specified in the contract, the contractor is responsible for
the performance of all inspection requirements as specified
herein. Except as otherwise specified in the contract, the
contra~tor may use his own or any other facilities suitable
for the pertormance of the inspection requirements specified
herein, unless disapproved by the Government. The Government
reserves the right to perform any of the inspections set
forth in the specification where such inspections are deemed
necessary to assure supplies and services conform to
prescribed requirements.

4.2 Classification of inspections. The inspection

requirements specified herein are classified as follows:
a. Qualification inspection (see 4.3).
b. Quality conformance inspection {(see 4.5).
1. Examination of filled containers.
2. Quality conformance inspection.

4.3 Qualification inspection. Qualification inspection

shall be conducted at a laboratory satisfactory to the Air
Force Engineering Services Center, Tyndall Air Force Base.
Qualification inspection shall consist of the tests shown in

Table 1IV.
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4.3.1 Samples for qualification inspection. One 55

gallon drum of each component is regnired for the
qualification inspection.

4.4 Sampling for quality conformance inspection.

4.4.1 Inspection lot. A lot shall consist of each

component manufactured as one batch and transferred from one
mixing tank to the shipping container.

4.4.2 Sampling for examination of filled containers. A

random sample of filled containers shall be inspected from
each lot in accordance with MIL-STD-105 at inspection level
I. The acceptable quality level (AQL) cf 2.5 pexrcent
defective shall be used to verify compliance with all
requirements regarding fill, closure, marking, and other
requirements not requiring tests (see 4.6, 5.1.1.1, and
5.1.1.2).

4.4.,3 Sampling for quality conformance inspectizn.

Three filled 55-gallon containers of each concentrate shall
be selected at random from each lot and used as one composite
sample for the tests specified in 4.6. For purposes of the
tests required by 4.5 one of the 55-gallon containers
selected at random may be used or a 55 gallon sample of the
product shall be withdrawn from an agitated mixing tank prior
to packaging. The results of the tests required by 4.5 shall

be submitted to the Air Force Systems Command, Space Division
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(CFPE)}, Los Angeles, CA, 90009-2960 or the designated
laboratory.

4.5 Quality conformance inspection. The samples

seiected in accordance with 4.4.3 shall be subjected to the
guality conformance ingpection of table IV. If the sample
tested is found to be not in conformance with any of the
gquality conformance tests, the lot represented by the sample
shall be rejected.

4.5.1 Quality conformance inspection report. The

contractor shall prepare test reports in accordance with the
data ordering document included in the contract (see 6.,2.2).

4,6 Lkxamination of filled containers. Each sanmple

1illed container shall be examined for defects of
construction of the contalner, and the closure, for evidence
ol leakage, and for unsatistfactory markings. Bach tilled
container shall also be weighed to determine the amount of
contents.  Any container in the sample having one or more
detects or tess than required till, shall not be otfered for
delivery, and 1f the numbor of defective containers in any
sample eoxceeds the acceptance number for the appropriate
sampling plan of MIL-8TD-105, this shall be cause for
rejection ot the lot represented by the sample.

4.7 Test! procedures.

Note: Temperatures are recorded to the nearest degree,

pi to the necarest 0.1 unit, density Lo the nearest 0.001
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Table 1V, Qualification and quality conformance inspections,

Examination or Test Reference paragraph Qualification Quality
Requirement Test Conformance

Refractive index 3.3 4.7.1 x x
Viscosicy 3.3 4.7.2 x X
pH value 3.3 4.7.3 X x
General Corrosion 3.3 q4.7.5.1 x

Localized corrosion 3.3 4.7.5.2 x

Density 3.3 4.7.4 x x
Percent solids 3.3 4.7.6 x X
Fraction gelled 333 4.7.7 x x
Inorganic sulfates 33 4.7.9 x x
Iron content 3.3 4.7.8 x x
Foamabilaity 3.4 4.7.13 x x
Performance with

simulated propellants 3.4 4.7.17 x %
Environmental impact 3.3 4.7.10 X

50 £t2 fare test 3.9 4.7.04 x

Examination of tilled

containers 4.6 {.6 X
stabylity 3.3.00 08 3402 40700 X
Compatibaiity 3.3.2 8 3.4.2 4.7.12 X
Stratification K O T B S D 2 R Y P B X
Precipitation 3.3.2 8 3.4.2 A716 X
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g/cc, viscosity to the nearest 0.01 ¢» and refractive index
to the nearest 0.0001 unit,

4.7.1 Refractive index. Measure the refractive index

at a temperature of 20°C in accordance with ASTM 1218.
Record refractive index and temperature.
4.7.2 Viscosity.

4.7.2.1 Viscosity of acrylate Emulsions and Surfactants.

The viscosity shall be determined at a temperature of 25°C 2
0.2°C in accordance with ASTM D3716. Viscosity measurements
of surtactants are determined on concentrated samples which
have been thoroughly agitated assuring a uniform mixture
before sampling and after temperature ecquilibration. The
viscoslty of acrylates 1s measured on o neutralized 1%
copalymer solution aftoer treating the original sample shown
in 4.7.2.1.10 The viscosity shall be recorded i1n centipoisce,

4.7.2.17.1 Thickened Viscogity of a 1% Ccolymer

solution ot Type F1 and Type 01, Using a platform balance,

accurdtely weigh (X) g of sample into o lo-ounce, wide-mouth
jar.  Add (W) g of distilled water and (V) ml of IN NaQHY, in
that order. Use a buret calibrated to the nearest 0.1 ml to
add the NaOH. Mix carefully with a spatula. Avoid acration.
Label this solution "A",

Using a platform balance, weigh specified amounts of
solution "A" and distilled water (both from Table V under

"Final Dilution") into a 16 ounce jar. Mix carefully with a
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spatula. Avoid aeration. Determine the pH of the solution
in accordance with ASTM E70.
Use the following equations to calculate the weight of
sample, volume of IN NaOH and weight of water required to

prepare an initial neutralized copolymer solution,

X grams of sample R*
) s of le = g gelled*
v X) x Acid *
= ml of NaOH = (X) id Number _

56.1 x N (NaOH)

W

]}

grams of water = S* - X - 1.04 V

*R, B, and S are constants from Table V. Acid Number 1is
considered a constant, unless otherwise indicated. & gelled
is determined in accerdance with 4.7.7. Determine the
viscosity of the solution at 25°C s+ 2°C. Use the Brooktield,
Model LVF Viscometer and #3 spindle at 12 RPM.

4.7.3 pH _value.

4.7.3.17 pH of acrylate emulsions. The pH value of the

acrylate emulsions shall be determined on the neat material
at 25°C s 1.0°C in accordance with ASTM E70. Care must be
taken to rinse electrodes thoroughly with distilled or

deionized water immediately after determining the pit value.

4.7.3.2 pH of surfactants. The pH value of a 10% (by

volume) solution of surfactant in distilled or deionized
water shall be determined at 25°C » 1.0°C in accordance with

ASTM E70. The pH may change slowly with time; therefore, the
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TABLE V. Constant Valv s and Ranges

Final Dilution

Allowable Acid
Type R B S g Solution “A" q Water pH_Range Number
FI 689 2 400.0 125.0 125.0 7.5 - 9.C 89.C
o1 1842 3 atu.9o £Q.0 200.0 7.5 - 8.5 72.3
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relatively steady reading after several minutes of stirring
is recorded.

4.7.4 Density. Weigh a clean, dry 10 cc volumetric
flask. Fill to the mark with sample and reweigh. Adjust
temperature to 25°C + 2°C in a constant temperature bath.
Record density in g/cc and actual sample temperature.

4.7.5 Corrosion. The liquid for immersion of the metal
specimens for general corrosion and lccaiized corrosion tests
shall consist of the concentrate of each of Types F1, F2, 01
and 02.

4.7.5.1 General corrosion,

4.7.5,1.1 Test specimens. The test specimen shall

consist of UNS 30400 in accordance with UNS designations (see
ASTM E527), All specimens shall be milled to finished
dimensions of approximately 1/16 inch thick, 1/2 inch wide,
and 3 inches long. All specimens shall be degreased in
acetone, rinsed with distilled water and air dried before
exposure, (Prepared metal specimens may be obtained from the
Metaspec Company, Box 6715, San Antonio, Texas 78209.)

4.7.5.1.2 Test procedures., Five weighed specimens

shall be fully immersed in the test medium in & secparate 600
mL beaker and held at 25°C s 5°C for a period of 60 days. A
watch-glass cover shall be used to retard evaporation. At
the end of the exposure period, the weight-loss shall be

determined and the corrosion rate calculated as required.
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4.7.5.2 Localized corrosion.

4.7.5.2.1 Test specimens. The test specimens shall

consist of UNS 30400 CRES milled to finished dimensions of
approximately 1/16 inch thick, 1/2 inch wide, and 3 inches
long. After degreasing with acetone, rinsing with distilled
water, and air drying before exposure, the specimens shall be
pretreated by immersion in a 1:9 concentrated nitric acid-
water solution for a period of 5 minutes and then rirsed
again with distiiled water.

4.7.5.2.2 Procedure. Ten specimens shall be girdled
lengthwise with a clean 1/1€ o 1/8 inch wide band of a good
grade of cum rubber of a size such that the band is taut
during the test. Because of the poor quality of mest
conmereial rubber bands, it is recommended that the bands for
this test be cut from 1-3/4 inch flal width pure gum amber
tubing. Conch type (Preiscur Scientific bubber tubing, Pure
Gum, Gooch type, 1/32-inch thirn wall, purc gum amber tubing
18 very elastic, espocially made for Gooch crucibles, Stock
No. 139080, or equal). This tubing is most easily cut with
sharp shears. The specimens girdled with the rubber bands
shall be placed in a 60 al beaker so that no contact is made
between individual specimens. A 1/4-inch layer of glass
beads shall be introduced into the beaker to aid in
stabilizing specimen position., Enough liquid shall be added

to completely immerse the specimens, and a watch-glass shall
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be placed over the beaker to retard evaporation (but allow
air access) and act as a dust cover, and the assemblies
allowed to stand at room temperature for 60 days.

4.7.5.2.3 Results. The specimens shall be
monitored daily over the 60-day period to ascertain the
presence or absence of pitting. These daily examinations
shall be made without disturbing the test (other than
renoving the cover). Corrosion is customarily signaled by
appearance of a dark spot which, if removed after sufficient
exposure, discloses a corrosion pit. If the suspected area
cannot be positively identified by the naked eye, it can be
at a magnification of 10X. At the end of the test, each
specimen shall be inspected carefully with particular
attention being given to the edges of the specimens and those
areas of the specimens under, or adjacent to the rubber
bands. 10X magnification shall be used, if necessary.

4.7.6 Percent solids.

4,7.6,1 Test equipment. Tared aluminum dishes with a

close-fitting cover having a diameter of approximately 60 mm
and a height of 15 mm,

4.7.6.2 Test procedure. If the temperature of the

emulsior, is above room temperature, allow it to cool to room
temperature. Then weigh two samples of approximately 1 g
each to the nearest 1.0 mg in dried tared aluminum weighing

dishes. Dry the samples tor 20 min. in a forced-draft oven
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at a temperature of 150°C * 2°C. Remove the samples from the
oven, c¢ool the container and contents to room temperature in
a desiccator, and weigh them to the nearest 0.1 mg. Average
the values if they are within 0.1%. If not, make additional
duplicate determinations until a pair of duplicate
determinations agree within 0.1%. Calculations of the
peicent solid content are to be conducted in accordance with
ASTM D3716 paragraph 5.3.

4.7.7 Fraction gelled.

4.7.7.1 Test equipment. Sieves, Tyler or U.S.B.S. 20

and 100-mesh, diameter 8 inches, all stainless steel. Spray
head with rubber hose connections. Tin can, 2-ounce, style

#12, 2-3/8 X 13/16 inch, with bead and trim, body deqgreased,

lid standard.

4.7.7.2 Test procedure. Transfer one liter of the

sample into a 3.8 liter jar containing one liter of clean tap
wator (25-30°C) and swirl to obtain a uniform mixture.
Thoroughly wet both sides of a 20-mesh and 100-mesh sieve
with tap water. Connect the sieves with 20-mesh on top, and
100-mesh on bottom. Pour the diluted sample onto the 20-mesh
and swirl until most of liquid has passed through. Using a
shower head connected to a water outlet, rinse the sieves
gently with clean tap water, being careful to avoid foam
formation. Next, separate the sieves and gently rinse the

100 mesh sieve, again being careful to avoid foam formation.
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(The purpose of the 20-mesh sieve is to assure the obtaining
of true gel particles by removing any skins). Immediately,
before the 100-mesh sieve can dry, treat the sieve as
follows: Using thé shower head, wash the gel particles on
the sieve into as compact a mass as possible in one corner of
the sieve. Place a dry paper towel on the underside of the
sieve directly below the collected gel particles to dry the
sieve and gel particles. Then, use a small spatula to scrape
the gel particles off the screen and transfer them
quantitatively into a weighed 2-ounce solids can. Place the
can in a forced-draft oven at 150°C & 2°C for 20 minutes.
Remove the can from the oven, close the lid, and allow the
can to cool in a desiccator to room temperature. Then, re-
weigh to deterwine the weight of dried residue. Report to
the second decimal place, the weight of dried residue in
grams per liter.

4.7.8 1Iron content. Accurately weigh 10 grams of

sample intn a clean 30 ml ceramic crucible. Place the
crucible in a clay triangle and carefully burn off all
organics using a laboratory burner. Burn off the remaining
carbon in a muffle furnace at 600°C. Cool the crucible to
near room temperature, add 1! ml of concentrated hydrochloric
acid and ' ml of concentrated nitric acid and digest on a hot
plate until light boiling occurs. Cool. Dilute sample to

10.0 ml and perform the atomic adsorption analysis in
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accordance with ASTM D1068. Use an air-acetylene flame
(lean) and the longest burner possible.

4.7.9 Inorganic sulfates. The weight percent of

inorganic sulfates as sodium sulfate shall be determined in
accordance with ASTM D3673.

4.7.10 Environmental impact.

4.7.10.1 Toxicity. Toxicity test shall be performed on
rainbow trout in accordance with ASTM E729, using dynamic
procedures. The minimum acceptable dissolved oxygen content
of water used i1n this procedure shall be 5 ppm.

4.7.10.2 Chemical oxygen demand. COD shall be

determined in accordance with procedures in Standard Methods
tor the Examination of Water and Waste Water (latest
applicable edition).

4.7.10.3 Biodegradability. Biodegradability shall be

determined by dividing the value expressed in mg/L for the
carbonaceous biochemical oxygen demand (CBOD) spoecified in
Standard Methods for the Examination of Water and Waste Water
(latest applicable edition) by the value expressed in mg/L
tor chemical oxygen demand (COD) determined as specified in
4.7.10.2.

4.7.11 Stability.

4.7.11.1 Sample preparation. Samples of each

concentrate, and the two foam solutions, as appropriate,

shall be prepared in sufficient quantity to perform the
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required tests. One liter (L) of each concentrate shall be
placed in lightly stoppered glass cylinder. All concentrate
samples shall then be stored being subjected to accelerated
aging at 60°C & 2.0°C for a period of 10 days. The
concentrate samples, or solutions made from them, shall then

be subjected to the following tests:

a. Foamability 4.7.13

b. Fire performance (50 ftZ2) 4.7.14

c. Stratification 4.7.15

d. Precipitation 4.7.16

e. Performance with simulated 4.7.17
propellants

4.7.12 Compatibility.

4.7.12.1 Sample preparation. The Government will

provide samples of appiopriate gualified product to
manufacturers officially authorized to submit candidate
material for gualification (see 3.3.2). Mixtures of the
concentrates to be tested shall be prepared in sufficient
quantities to perform the required tests, (For qualification
testing, the testing activity will determine the number of
product mixtures to be evaluated and the ratio of products
comprising these mixtures). One L of each shall be placed in
lightly stoppered glass cylinders. The concentrate samples

shall be stored at 65°C ¢« 2.0°C for a period of 10 days. The
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samples and solutions made from them shall then be subjected

to the following tests:

a. Foamability 4.7.13

b. Fire performance (50 ft2) 4.7.14

c. Stratification 4.7.15

d. Precipitation 4,7.16

e, Performance with simulated 4.7.17
propellants

4.7.13 Laboratory foamability.

4,7.13.17 Test equipment. Blender (Citation-Walther

Corporation unit or equivalent), 1000 cc graduated cylinder,
balance (1000 gram capacity) normal laboratory glassware.
4.7.13.2 Procedure. The expansion ratios and drainage
rates of both Type F fuel foam and Type O oxidant foams are
determined over simulated propellant substrates where
hydrazine fuel is replaced with ammonium hydroxide (NH4OH)
and nitrogen tetroxide oxidant is replaced with nitric acid
(HNO3). Mix 1 volume of the acrylic concentrate (F1 for the
fuel foam or 01 for the oxidizer foam) with 4 volumes of
water and stir. Mix 1 volume of the surfactant concentrate
(¥2 for the fuel foam or 02 for the oxidizer foam) with 4
volumes of water and stir thoroughly, being careful to avoid
foam fovwation. From each of the mixtures remove equal
volume aliquots. Place the F2 or 02 aliquot in the foam

generator {(blender). add the F1 or 01 (Make sure that F1 is
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combined with F2 for the £fuel foam and 01 is combined with 02
for the oxidizer foam) aliquot and start agitation
immediately using the #8 setting (18,500 rpm); continue for
about 30 seconds. Add either 20 ml of concentrated reagent
grade NH4OH or HNO3 as appropriate (see Table II) to the
graduated cylinder. Weigh the cylinder and substrate to the
nearest gram. Transfer 980 ml of the foam generated in the
blender to the 1000 ml mark of the cylinder. Determine the
25% drainage time as specified in NFPA 412, 1In addition, the
percent of foam collapse after 24 hours shall be determined
for Type F foams only and the time, in minutes, required for
50% of the foam column to collapse shall be determined for
Type O foams only.

4.7.14 Fire test. No fire test shall be conducted when
the wind speed is above 10 miles per hour (mi/hr). The fire
test shall be conducted in a square metal pan with a total
area of 50 ft¢ in accordance with U.L. 162. NOTE: The
materials used in this test are extremely hazardous and must
be handled in accordance with approval safety procedures.
Only a few test sites in this country are approved to conduct
tests with these toxic materials. In addition to their
toxicity, the fuel has been known to ignite spontaneously
when certoin conditions of heat and oxidation exis* in the
fire test pan.

4.7.14.1 Type F low expansion test.
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4.7.14.1.1 Test equipment. The nozzle used for the low

expansion test shall be the 4 gal/min nozzle manufactured by
National Foam Systems, Inc., Lionville, PA, Part No. 1251-
0896-6. The nozzle inlet pressure shall be a gage pressure
of 100 1b/in?. The discharge from the nozzle shall be
directed against a backboard which 1is ﬁlaced at one edge of
the test plan in order to achieve the gentle application of
foam described as Type Il in the U.L. 162 procedure.
Flame/extinguishment shall be viewed through an IR thermal
1maaing device (English Electric Valve Company Limited
miniature thermal imaging camera Model P4428 or equall.

4.7.14.1.2 VFoam component preparation. The two toam

°C. The

components, Pl oand F2, shall be prepared at 20°C + 5
premixed component solutions shall be 20 « 0,05 percent
solutions made with tresh water. The two promived component
¢~lutions shall be prepared no more than 24 hours bhefore the
inttiation ot the fire test, The premixed solutions shall be
stored an stainless steel containers, to prevent
polymerization by iron contamination of the components, see
Figqure 5,

4.7.14.1.3 Fuel. Fuel for the fire test shall be %5
gal of a 50-50 mixture of hydrazine and unsymmetric dimethyl
hydrazine conforming teo requirements of MIL-P-2560. NOTE:
Ao stated in 4,7.14, this fuel is highly toxic and must be

handled in accordance with proper safety procedures.
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4.7.14.1.4 Foam generation. The two components shall

not be mixed until immediately before being applied to the
test pan. The two components shall be mixed in equal
proportion at a total flow rate of 4 gal/min. No more than
20 £t of hose or piping shall be installed between the mixing
point and the discharge nozzle. The recommended foam
generation set-up is shown in Figure 5,

To make foam, each tank is loaded with the premix and
sealed. Air pressure is applied to the tank top. When the
pressure reaches 100 psi, each shutoff valve is opened
individually and the pressuire regulators adjusted to read 30
psi at the foam maker for high expansion foam, and 100 psi
for low expansion foam, Both valves are then opened to
insure that good foam is being produced, after which both
valves are closed. The system is now ready for fire testing.
It is advisable not to allow the mixed foam solutions to
remain in the line between the balancing valve and the
foamaker for more than $ minutes without restarting flow.

When foam is to be generated for testing, both shutoff
valves are opened simultaneocusly. Do not make any
adjustments to the pressure requlators on either line. Foam
generation is stopped by closing both shutoff valves
simultanecusly. Within 5 minutes after testiag stops, all
lines should be flushed with water and drained. 1In cold

weather, care should be taken to prevent freezing of lines
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and components. The nnzzle shiall be directed at the same
metal backboard over one edgqge of the pan to allow gentic
application of foam to the fuel surface.

4.7.14.1.5 Test procedure. The fuel shall be dumpad

into the pan within 10 minutes and ignited within one minute
of dumping. After allowing a preburn period of 60 seconds
application of foam shall begin through the nozzle. The
exact extinguishing time shall be recorded as viewed through
the IR thermal imaging device, but foam application shall
cont inue for a total of 5 minutes.

4.7.%4.1, 0 Bu-nback procedure. Conduct burnback a-d

watid tests In accordance with UL162,

4.7.14.1.7 Post-fire vapor securir; test. 0 seconds

atter successful completion of the burnback test, thoe
atmosphere above the foam blanket shall be tested for the
presence of fuel vaper. Samples shall be taken from 3 points
above the foam surface, with twa of the points being above
the center and one of the edges of the pan, while the third
point shall be above the area used for the bhurnback test.
Note: Appropriate detector tubes and sampling devices are
available from the Mine Safely Appliance Company (MSA) and
other reliable manufacturers,

4.7.14,2 Type F high expansion test.

——

§.7.14.2.17  Taest eqaipment. The {nam shall be genavated

by means of the 5 inch Mark IV f‘oam generator, as made DY
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Mine Safety Appliances Co., Inc., Evans City, Pennsylvania,
(or equal) utilizing a Number 16 nozzle, adjusted to provide
an expansion ratio of 230, when flowing a standard foam
solution at 60 1lb/in® inlet nozzle pressure. The inlet
pressure shall be a gage pressure of 30 1b/in2. The end of
the foam generator shall be placed at the edge of the test
pan at a height of 1 to 2 feet above the pan. Flanme
extinguishment shall be determined by viewing through the IR
thermal imaging device described in 4.7.14.1.1.

4.7.14.2.2 Foanm component preparation. As specified in

4,7.14.,1.2.
4.7.14.2.3 Fuel. As specified in 4.7.14.1.3

4.7.14.2.4 Foam generation. The two components shall

nct be mixed until immediately before being applied to the
test pan. The two components shall be mixed in equal
proportion at a total flow rate of 2.6 gal/min. The
recommended fcam generation set-up and procedure is discussed
in 4.7.14.1.4.

4.7.14.2.5 Test procedure. The fuel shall be dumped

into the pan within 10 minutes and ignited within one minute
of dumping. After allowing a preburn pericd of 60 seconds
application of foam shall begin through the foam generator.
The exact cxtinguishing time shall be recorded, as viewed

through the IR thermal imaging device. Neither the wand test
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nor burnback test as specified in UL162 is applicable to high
expansion foam,

4.7.14.2.6 Post-fire vapor se¢curing test. As specified

in 4.7.14.1.7 except that tests for the fuel vapor (NyHg)
shall be conducted 60 seconds after completion of foam
appiication.

4.7.14.3 'Type O high expansion test.

—A

4.7.14.3.1 fLest equipment. As specified in 4.7.14.2.1

4.7.14.3.2 Foam component preparation. The 02

concentrate container sha'l be inverted at least twice, at 24

hour intervals (minimum),. in the week immediately preceding
the te ., The 02 concentrate shall be mechanically mixed
immediately before drawing off the material which will be
used to prepare the premix component solutions. The two foam
components, 01 and 02, shall be prepared at 20°C + 5°C. ‘The
premixed component solutions shall be 20 + 0.0% percent
solutions made with fresh water. The Lwvo premixed component
solutions shall be prepared ne more than 24 hours before the
initiation of the tire test. The premixed solutions shall beo
stored in stainless steel containers, see Figure 9,
4.7.14.3.3 Fuel. Fuel for the fire test shall be a
mixture of 30 gal of dinitrogen tetroxide (NyO4) complying
with MIL-P-26539, and 30 gal of diasel fuel complying with

FYED SPEC VV-F-B00 {(Crade DF-2). WARNING: The fumes from

200




MIL-V-XXXX
N;04 are extremely corrosive and toxic and extreme care must
be utilized in handling this material.

4.7.14.3.4 Foam generation. As specified in

4.7.14.2.4.

4.7.14.3.5 Test procedure. As specified in 4.7.14.2.5,

except preburn time is reduced to 30 seconds. Neither the
wand test nor burnback test as specified in UL162 is
applicable to these high expansion foams.

4.7.14,3.6 Post-fire vapor securing test. As specified

in 4.7.14.1.7 except that tests for oxidant vapor (NOx) shall
be conducted 60 seconds after completion of foam application.

4.7.14.4 Foamability. The foams shall be generated by

means of the equipment described previously for the 50 ft2
fire test. Foam samples shall be collected immediately after
the cessation of foam application to the test pan. The
nozzles shall be held at hip height and directed onto the
backboard from the distances specified below. The method and
procedure shall be in accordance with NFPA Standard No. 412,
The expansion ratio and 25% drainage time shall be determined
in accordance with this procedure.

4.7.14.4.1 Low expansion. The foam shall be generated

by means of the 4 gallons per minute (gal/min) test nozzle
described in 4.7.14,1,1,. During sample ccllection the nozzle

inlet pressure shall be maintained at a gage pressure of 100
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pounds per square inch (1bs/in?), and the solution directed
onto the backboard from a distance of 4 to 6 feet,

4.7.174.4.2 High expansion. The nozzle used for the

high expansion test shall be the foam generator specification
4.7.14.2.17. During sample collection the nozzle inlet
pressure shall be maintained at a gage pressure of 30 1b/in2
and the solution shall be directed onto the backboard from a
distance of 2-3 feet.

4.7.15 Stratification. The presence of stratification

shal. be determined by visual examination of the samples
contained in the glass cylinders.

4.7.16 Prec'pstation. The amount of precipitation

shell pe determined py centrifuging to a 100 mL sample
withdrawn from the 1 L sample after thorough agitation in
accordance with the nrimary method of ASTM D96-73.

4.7.17 Packaging inspection. Sample packages and packs

and the inspectiuvn of preservation, packaging, packing, and
marking fou shipment and scorage shall be in accordance with
the requirements of 4.6, section 5 and the documents
specified therein.

5. PACKAGTING
(The packaging requirements specified herein apply only for
direct Government acquisitions. For the extert of

applicability of the packaging requivements of referenced

documents listed in section 2, see 6.4.)
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5.1 Preservation-packaging. Preservation-packaging for

level A shall be as specified hereinafter.

5.1.1 The four liguid concentrate components shall be
furnished in 55-gallon composite containers as specified (see
6.2.1).

5.1.1.1 Fifty-five gallon container. The 55-gallon

container shall be a composite comprised of a plastic insert
and a steel drum overpack. The composite container shall
conform to the reguirements of type II, class 4 of PPP-C-
1337, and the following:

a. Insert. The insert shall contain two
protruding openings in the top head - one
3/4-inch and one 2-inch. Openings shall be
so designed that when positioned in the steel
drum cover there will be no strain on the
protruding openings. The protruding plastic
openings shall be secured to the drum cover
by means of lock or retaining rings and
gaskets. Openings shall be clused by use of
NPT threaded plastic plugs.

b. Covers. The steel drum cover shall be
provided with two openings to accommodate the
protruding insert oponings. Covers shall be
fully removable. Cover gaskets are not

required. Covers shall be secured to the
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steel drum with minimum 16-gage bclt or lever
lock type locking rings.

5.1.1.2 Exterior color and coatings. The red color

(see 3.6) shall be an approximate match to color number 11105
of FED-STD-585. The orange color (see 3.6) shall be an
approximate match to color number 12246 of FED-STD-595.
Exterior coating for steel drum overpacks shall conform to
TT-E-489.

5.2 Packing. For level A no further packing is
required.

5.2.1 Method of shipment shall comply with Uniform
Freight Classification Ratings, Rules, and Regulations or
other carrier rules as applicable to the mode of
transportation.

5.3 Marking. 1In addition to the marking specified in
3.6 and any special marking required (see 6.2.1), containers
and palletized unit leoads shall be marked in accordance with
MIL-STD-129.

6. NOTES

6.1 Intended use. The concentrates as intended for use

in mechanical foam gencrating equipment for suppressing toxic
vapor release from accidental spills of liquid propellants as
well as for extinguishing fires where the fuel is either
hydrazine alone or a hydrocarbon fuel where combustion is

supported by dinitrogen tetroxide as the oxidant.
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6.2 Ordering data.

6.2.1 Acquisition requirements. Acquisition documents

should specify the following:
a. Title, number, and date of this specification.
b. Type of concentrate(s) required (see 1.2).
c. Special marking, if required (see 5.3).

6.2.2 Data requirements. When this specification is

used in a contract which invokes the provision of the
"Requirements for Data" of the Defense Acquisition Regulation
(DAR), the data identified below, which are required to be
developed by the contractor, as specified on an approved Data
Item Description (DD Form 1664), and which are required to be
delivered to the Government, should be selected and specified
on the approved Contract Data Requirement List (DD Form 1423)
and incorporated in the contract. When the provisions of the
“Requirements for Data" of the DAR are not invoked in a
contract, the data required to be developed by the contractor
and required to be delivered to the Government should be

selected from the list below and specified in the contract.

Paraqraph Data requirement Applicable DID
4.5.1 Test reports DI-T-2072

(Copies of data item descriptions reguired by the contractors
in connection with specific acquisition functions should be
obtained from the contracting activity or as directed by the

contracting officer. Unless otherwise indicated, the issue
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in eifect on date of invitation for bids or request for
proposal shall apply.)

6.2.2.1 The data requirements of 6.2.2 and any task in
section 3, 4, or 5 of the specification required to be
performed to meet a data requirement may be waived by the
contracting/acquisition activity upon certification by the
offeror that identical data were submitted by the offeror and
accepted by the Government under a previous contract for
identical item acquired to this specification. This does not
apply to specific data which may be required for each
contract regardless of whether an identical item has been
supplied previously (for example, test reports).

6.3 With respect to products requiring qualification,
awards will be made only for products which are at the time
set tor opening of bids, qualified for inclusion in the
applicable Qualified Products List QPL XXXX whether or not
such products have actually been so listed by that date. The
attention of the contractors is called to these requirements,
and manufacturers are urged to arrange to have the products
that they propose to offer to the Federal Government tested
for qualification in order that they may be eligible to be
awarded contracts or orders for the products covered by this
specification. The activity responsible for the Qualified
Products List is AFESC Tyndall AFB, Air Force Engineering

Services Command, Fire Technology Branch, Tyndall Air Force
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Base, FL, 32403, and information pertaining to qualification
of products may be obtained from that activity. Application
for Qualification tests shall be made in accordance with
"Provisions Governing Qualification SD-6" (see 6.3.1}.

6.3.1 Copies of "Provisions Government Qualification
SD-6" may be obtained upon application to Commanding Officer,
Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, PA 19120.

6.4 Sub-contracced material and parts. The packaging

requirements of referenced documents listed in section 2 do
not apply when material is acquired by the contractor for
incorporation into the concentrate and lose separate identity

when the concentrate is shipped,

Custodians Preparing Activities
Air Force - 19 Air Force - 50
Review Activities (Project 6850-F828)

Air Force - 68
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THIS END UP
U.S.
HYPERGOLIC PROPELLANT FOAMS LIQUID CONCENTRATE
in accordance with
MILITARY SPECIFICATION MIL-V

TYPE "1 - FUEL FOAM GELLING AGENT

THIS VAPOR SUPPRESSING/FIRE EXTINGUISHING CONCENTRATE IS
FOR USE BY DILUTION WITH WATER IN FIXED OR MOBILE
SYSTEMS. IT MUST BE USED IN COMBINATION WITH THE TYPE F2
SURFACTANT. THE CONCENTRATE MAY BE DILUTED FOR USE 1IN
FLOW PROPORTIONING EQUIPMENT WITH FRESH WATER AT VOLUME
PROPORTIONS OF ONE GALLON EACH OF THE F1 AND F2
CONCENTRATES TO 8 GALLONS WATER.

FOR READY USE DO NOT STORE BELOW 32°F. AVOID PROLONGED
STORAGE ABOVE 120°F, DO NOT MIX WITH OTHER THAN TYPE F2
LIQUID CONCENTRATE IN ACCORDANCE WITH MII,-V- AND

WATER.

MANUFACTURER'S NAME
ADDRESS

BATCH NO.

DATE OF MANUFACTURE

FIGURE 1. Type F1 container markings.
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THIS END UP
u.s.
HYPERGOLIC PROPELLANT FOAMS LIQUID CONCENTRATE
In accordance with
MILITARY SPECIFICATION MIL-V-

TYPE F2 - FUEL FCAM SURFACTANT

THIS VAPOR SUPPRESSING/FIRE EXTINGUISHING CONCENTRATE 18
FOR USE BY DILUTION WITH WATER IN FIXED OR MOBILE
SYSTEMS. 1T MUST BE USED IN COMBINATION WITH THE TYDlR 1
GELLING AGENT. THE CONCENTRATE MAY BE DILUTED FOR USE IN
FLOW PROPORTIONING EQUIPMENT WITH FRESH WATER AT VOLUMF
PROPORTIONS QF ONE GALLON EACH OF THE F1 AND B2
CONCENTRATES TO 8 GALLONS WATER,

FOR READY USE DO NOT STORE BELOW 32°F, AVOID PROLONGED
STORAGE ABOVE 120°F. DO NOT MIX WITH OTHER THAN TYPE M1
LIQUID CONCENTRATE IN ACCORDANCE WITH MIL-V- AND

WATER.

MANUFACTURER'S NAME
ADDRESS

RATCH NO.

OATE OF MANUFACTURE

FIGURE 2. ‘Type F2 container markings.
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THIS END UP
U.S.
HYPERGOLIC PROPELLANT FOAMS LIQUID CONCENTRATE
In accordance with
MILITARY SPECIFICATION MIL-V-

TYPE 01 - OXIDIZER FOAM GELLING AGENT

THIS VAPOR SUPPRESSING/FIRE EXTINGUISHING CONCENTRATE IS
FOR USE BY DILUTION WITH WATER IN FIXED OR MOBILE
SYSTEMS. IT MUST BE USED 1IN COMBINATION WITH THE TYPE 02
SURFACTANT. THE CONCENTRATE MAY BE DILUTED FQOR USE IN
FLOW PROPORTIONING BEQUIPMENT WITH FRESH WATER AT VOLUME
PROPORTIONS OF ONE GALLON EACH OF ThL.. 01 AND Q2
CONCENTRATES TO 8 GALLGNS WATER,

FOR READY USE DO NOT STORE BELOW 32°F. AVOID PROLONGED
STORAGE ABOVE 120°F. DO NOT MIX WITH OTHER THAN TYPE 02
LIQUID CONCENTRATE IN ACCORDANCE WITH MIL-V- AND

WATER,

MANUFACTURER'S NAME
ADDRESS

BATCH NO.

DATE OF MANUFACTURE

FIGURE 3. Type 01 container markings.

210




MIL-V-~XXXX

THIS END UP
u.S.
HYPERGOLIC PROPELLANT FOAMS LIQUID CONCENTRATE
In accordance with
MILITARY SPECIFICATION MIL-V-

TYPE 02 - OXIDIZER FOAM SURFACTANT

THIS FIRE VAPOR SUPPRESSING/EXTINGUISHING CONCENTRATE IS
FOR USE BY DILUTION WITH WATER IN FIXED OR MOBILE
SYSTEMS., IT MUST BE USED IN COMBINATION WITH THE TYPE 01
GELLING AGENT. THE CONCENTRATE MAY BLE DILUTED FOR USE IN
FLOW PROPORTIONING EQUIPMENT WITH FRESH WATER AT VOLUME
PROPORTIONS OF ONE GALLON EACH OF THE 01 AND 02
CONCENTRATES TO 8 GALLONS WATER.

FOR READY USE DO NOT STORE BELOW 32°F., AVOID PROLONGEDR
STORAGE ABOVE 120°F. DO NOT MIX WITH OTHER THAN TYPE Ot
LIQUID CONCENTRATE IN ACCORDANCE WITH MIL-V- AND

WATER,

MANUFACTURER'S NAME
ADDRESS

BATCH NO.

GATE OF MANUFACTURE

FIGURE 4. Type 02 container markings
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APPENDIX H
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A-50 - Aerozine 50
A 50-50 blend by weight of unsymmetrical dimethylhydrazine and
hydrazine.
Acidulation
Made acid or sour.
Acrylic-modified surfactant foam
Foam compound of appropriate acrylic gelling agents, alpha olefin
sulfanate surfactants, and other appropriate additives developed for
vapor suppression of hypergolic propellants.
AFFF
Aqueous Film-Forming Foam.
AH
Anhydrous hydrazine.
ARC - Alcohol-Resistant Concentrate
Foam concentrate for use on polar solvent fires.
Carboxyvinyl polymers
Organic-acid modified polymer used in foams.
Class A fires
Wood/paper products fires.
Cryogenic traps
Low temperature trapping apparatus.
Dry ice
Solid carbon dioxide, below -78.5 °C.
Foam Generator
A device which combines and aerates the foam constituents (water,
surfactant, etc.) and delivers the expanded foam product.
Fuel
The hydrazine-based compound oxidized in the hypergolic mixture. The
fuel may be hydrazine, MMH, UDMH, or A-50.
Heptane
Standard hydrocarbon fuel, CiyH;,.
High-expansion foam
Foam which occupies a volume greater than 100 times larger than
commodities (water, surfactant, etc.) used to generate the foam.
High-volume generator
A foam generator which produces in excess of 2000 ft3/min of high-
expansion foam or greater than 75 gallons per minute of low-expansion
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Hydrazine
A colorless, corrosive, liquid base used as a jet and rocket fuel.
Hygroscopic
Attracting or absorbing moisture from the air, changed or altered by
the absorption of moisture.
Hypergolics
Igniting spontaneously when mixed together, as rocket fuel and oxidizer
combinations,
Low-expansion foam
Foam which occupies a volume less than 100 times that of the
comnodities (water, surfactant, etc.) from which it is generated.
Low-volume generator
A foam generator capable of generating less than 750 cubic feet per
minute of high-expansion foam or less than 25 gallons per minute of low-
expansion foam.
Medium-volume generator
A foam generator capable of generating between 750 and 2000 cubic feet
per minute of high-expansion foam or between 25 to 75 gallons per minute
of low-expansion foam.
MMH
Monomethylhydrazine,
MSA ASE-60
An acid-containing, crosslinked acrylic emulsion copolymer.
MSA ASE-95
An acid-containing, acrylic emulsion copolymer.
MSA Type V foam
A high water retention hydrocarbon surfactant base foam concentrate
suftable for use in both low- and high-expansion foam appliances.
NFPA
National Fire Protection Association.
N,0,
Nitrogen Tetroxide.
Oxidizer
The nitrogen dioxide (NO,) bearing component of the hypergolic mixture
responsible for oxidizing the reaction. Oxidizers include nitrqgen
tetroxide (N,0,) and red fuming nitric acid (RFNA).
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Oxidizer foam
A foam formulation developed for optimal vapor suppression and foam
persistence over liquid nitrogen dioxide oxidizers.
Pen
A temporary test structure designed to test the flow of high-expansion
foam over a significant distance.
Proteinaceous materials
) Materials composed of protein (amino acid).
Rohm and Haas AC-33
A latex acrylic product.
SCBA
Self-contained breathing apparatus.
Silicic Acid Gels
Gels precipitated by acidifying sodium silicate solution.
Spill
An unplanned release of propellant liquid or vapor.
Surfactants
A surface-active agent.
TGD
Thermal Gas Device.
3M ACT polar solvent agent
Foam concentrate produced by 3M company for use on polar solvent fires.
Toxic Hazard Corridor
The area surrounding a spill in which the vapor concentration of
propellant is at or exceeds the limits which have been deternined as
toxic.
UOMH
Unsymmetrical dimethylhydrazine.
uL
Underwriters Laboratories.
Wet ice
Solid water, 0° C,
Wind variability
An index of the lateral diffusion of a toxic chemica! in the
atmosphere.
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